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v iii 
Lack of vegetative cover largely caused by such human activities 
as firewood collection, intensive grazing, and deforestation have 
-3.ccelerated the process of desertification at high elevation 
watersheds in Nepal. Mountain environment at high elevation is 
delicate and regeneration of vegetation is slow. Livestock grazing 
'ind firewood collection are the basic needs of the people. However, 
constant human pressure on natural vegetation upsets the hydrologic 
processes and results in disastrous soil erosion. Desertification 
caused by long-term soil erosion in semi-arid regions of ~ustang 
district (a severely desertified, high elevation area) in Nepal 
probably indicates the future of other high elevation watersheds, if 
corrective measures are not implemented to reduce the rate of 
de greda tion of mountain environment. Revege ta tion of denuded 
watersheds is not only important to reduce further deterioration of 
the watersheds but also necessary to produce adequate forage and 
firewood to meet the demand of years to come. One of the ways of 
ix 
reclaiming desertified l=lnd is by reve~etation, but vegetation 
establishment at high elevation is difficult due to various climatic 
stresses. With little information about vegetation-climate-human 
interactions at high elevations, revegetation of denuded high 
elevation watersheds in Mustang has been difficult. 
In this thesis I review 11 tera ture on causes of desertification 
in semi-arid areas; plant responses and functions under different 
climatic stresses such as water, wind, and salinity; problems 
associated with vegetation establishment under climatic stress 
conditions; and reclamation techniques developed by the U.S. 
scientists in reclaming surface mines of the western United States. 
Land disturbed by surface mining in the western U.S. has some 
similar i ties with desertified land. However, surface mine spoils may 
pose similar or in some cases g reater difficulties in reclamation than 
desertified areas if there are toxic materials in the mine spoils. 
There is potential for application of some of the mine spoil 
revegetation techniques in semi-arid regions of Mustang. Revegetation 
techniques developed by the U.S. scientists may be applicable in 
~ustang. However, field research is necessary in revegetation of high 
elevation watersheds of Mus tang. Specific recommendations in order of 
priority with regard to rehabilitation and development of forage and 
firewood resources in denuded watersheds of Mus tang have been 
ore sen ted. 
( 117 Pages) 
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INTRODUCTION 
Numerous case studies have indicated that most of the 1o1orld's dry 
lands have, in the last few decades, experienced and are continuing to 
experience a decrease in biological productivity. These dry lands are 
in the arid and semi-arid regions of the world. It is obvious that 
these dry lands were not originally highly productive. The ecobalance 
of these dry lands is so delicate that a minor and temporary change in 
climatic condition results in a measurable and long lasting change in 
land condition (Heede 1979). 
Breckle (1983) admits that it is difficult to reconstruct the 
extent of environmental degradation due to human impact that might 
have started thousands of years ago. Degradation of soi 1 and 
vegetation due to irra tiooal use has proceeded beyond repair in parts 
of Iran and Afganis tan. Almost every hill is covered with a network 
of lives tock paths in parts of Afganis tan. Once luxuriant vegetative 
cover and plea ty of water in the sou th-east part of the Ordas Sandy 
Land in China, which supported several settlements along the river 
flood plains, is now under sand dunes (Hsiao 1979). Hou (1979) 
describes the magnificent and splendid cities built in historical 
times that are now in the sand dunes in Ordas Sandy Land of China. 
Hsiao (1979) points out that there were 200 families cultivating 2300 
acres of land about 100 years ago, but this number has now decreased 
to 7 families cultivating only 500 acres of land in the Liu-Kwei area 
of China. Both Hsiao (1979) and Hou (1979) agree that heavy grazing 
due to a rapid increase in sheep and goat populations around 994 B.C. 
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resulted in the deterioration of endless grasslands. 
Several terminologies have been used in the literature to 
describe the trend of deterioration of land and vegetation. 
Aubreville (1949), The United Nations (1977), and Dregne (1983) use 
the term "desertification" as a changing of productive land into a 
wasteland as a result of man-induced soil erosion, where productivity 
of desirable plants declines in the long-term. There seems to be some 
difference in opinion among various authors about the annual 
precipitation where impoverishment of the terrestrial ecosystem 
occurs. Generally, desertification occurs in arid and semi-arid areas 
receiving up to 600 mm of annual precipitation (Rapp 1974). Dregne's 
(1983) definition of desertification is not restricted to arid regions 
only, but rather it can occur in subhumid areas too. Le Houerou 
(1977) and Rapp (1974) prefer the term "desertization" indicatin g the 
extension of desert landforms to areas where they did not occur in the 
recent past. The term "xerification" also has been used in the 
1 i tera ture indicating the replacement of me sic vegetation by more 
xeric vegetation. In this report, Dregne's ( 1983) term and definition 
of desertification will be used. Desertification can be man-induced 
and/or due to climatic changes. In a subhumid area, however, 
desertification is more due to man's influence than climatic 
f luctuations. Desertification caused by human activity remains a 
serious problem in developing countries (Hou 1979). 
Many studies on desertification acknowledge the role of human 
activities in affecting or even initiating the process of 
desertification (Heathcote 1980). Even an area recieving over 1000 mm 
of mean annual precipitation can be defined as semi-arid if the mean 
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annual temperature is zs 0 c. These areas, though, receive a 
consideraole amount of precipitation supporting a vegetation that is 
in a delicate balance with the surrounding environment. Depending on 
the climate and edaphic factors of the area, the time that the land 
takes to recover to something resembling its former state can vary 
from a decade to centuries, especially when man fails to respond 
properly (The United Nations 1977). However, the trend of 
desertification can be slowed down or reversed. Rawes (1981, 1983) 
found that a rest from continuous sheep grazing allows the development 
of large plants and improved rooting, and results in improved soil 
conditions due to the absence of trampling and the creation of more 
sheltered microhabitats of taller vegetation. Thus, grazing (e.g. 
Valen tin 1985) leads to decreases in vegetation exposing more soil to 
erosion. 
Livestock are an integral part of the farming community. 
Unmanaged wild grazing on uncultivated lands for decades causes heavy 
damage to vegetation. Animal numbers exceeding the carrying capacity 
of the land results in underfed and less productive herds. 
Com petition for forage increases. If the recovery rate of the 
vegetation is rapid, then the land can support the animals for a 
longer period, but in relatively humid or semi-arid conditions grazing 
pressure may exceed the recovery rate. Some browsing animals des troy 
the plants down to their roots. Vegetation production declines 
whereas animal production increases. Periodic slope failure, 
increases in sediment loads in the streams, sheet and rill erosion, 
and flooding occur as a result. There is a cyclic fluctuation in 
forage production depending upon the amount and timing of 
precipitation. The animal population increases with increases in 
forage. Increased numbers of animals reduce the forage but over-all 
animal population temporarily remains at the same level. This over-
population of unproductive animals intensifies the pressure even more. 
Introduction of more tolerent species of livestock such as sheep in 
place of cattle, or goats in place of sheep, usually follows the 
rangeland deterioration ( Breckle 1983). 
Other pressures on the wildlands include such activities as 
lopping of tree limbs for fodder, firewood collection, forest litter 
collection for manure, burning of dead trees for charcoal, and so on. 
In developing countries, 82% of the wood is consumed for fire wood as 
opposed to only 19% in the developed countries (World Bank 1985). 
Thus, there is a one-way energy transportation. The energy that is 
extracted from soil and atmosphere does not go back to the soil which 
otherwise occurs in the natural system. 
The decade of the 1960's was a period of record economic growth 
for most of the world's poor countries (Eckholm 1976). But the food 
production could not keep up with the increasing population. Dregne 
( 1985) suspects that a 10-50% loss of productivity in rainfed cropping 
land occured in the world in the last few decades. Soil has been 
exhausted in many areas. Population growth in the context of the 
traditional farming community is forcing the farmers onto even steeper 
slopes and marginal lands otherwise unfit for cultivation. People 
living in these delicate ecosystems are usually poor and thus cannot 
cope with the problem. More forest areas are cleared every year for 
farming. Strong (1976) says "the increasing intensity of humanity's 
pressure on the land and the continuation of careless and short-
s 
sighted landuse practices compound the effects of such natural 
phenomena as droughts and floods often turning the temporary problem 
they create to large scale disaster." Loss of surface soil represents 
a loss of nitrogen and other nutrients which increases the cost of 
production. Continual loss of soil reduces productivity so much that 
the same rate of fertilizer cannot compensate for the loss of 
nutrients (Lal 1985). More land is then brought under cul Uva tion at 
the cost of natural forests and rangelands. 
Desertification is assuming a critical proportion in Nepal. The 
change in the land toward a desert-like condition is not limited to 
climatic dry lands only. Even subhumid areas receiving 1000 mm 
rainfall are being converted into desert-like conditions in Nepal 
(Bhatta 1984). In areas such as Mustang, Okaldhunga, and Sarlahi 
desertification is in different stages. Extensive cultivation for 
food production and heavy pressure on forest for firewood, timber, and 
forage caused a tremendous impact on the soil, water, and vegetation 
(Bhat ta 1984). Watersheds have been denuded extensively, 
particularly at high elevation.a (Rjonness 1983). As drylands are 
stripped of vegetatiqn tn~ough agricultural clearing, 
:-: 
fuel wood 
harvesting, heavy grazing, and brush ' fire, land degradation worsens 
and biological productivity declines (World Bank 1985, Dregne 1985). 
It is difficult to say whether the vegetation conditions in 
denuded areas such as Mustang have been limited by the prevailing 
climatic condition or have been reduced to present conditions by human 
impact. But it certainly must be acknowledged that climatic 
variables, together with over-use of the land by man, have combined to 
create a severely deteriorated resource. Degradation of soil and 
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vegetation caused by grazing, cultivation, and firewood col lee tion in 
semiarid regions of Iran has reached a point where the lack of trees, 
shrubs, and grazing land make life difficult for the people. Eckholm 
(1976) warns that the infertile, barren landscape of parts of 
Afganistan and western Iran should be fair warning for Pakistan, India 
and Nepal as to what lies ahead, if steps are not taken now. 
Revege ta tion of these denuded high elevation areas is essential 
to: (1) reduce the erosion hazard, (2) reduce the rate of 
deterioration of the ecobalance on high elevation watersheds, and (3) 
meet the increasing demand of fuel and forage of the population. 
However, the high elevation areas pose more difficulties in 
revegetation, such as a harsh climate, few adapted species, 
unfavorable edaphic factors, remoteness, and other factors (Brown 
1983). 
This report discusses the problems associated with revegetation 
in Mustang - a severly denuded, high elevation area in Nepal. 
Mus tang, lying in the rainshadow of the Himalayas in the north-western 
part of Nepal (Fig. 1), poses more problems in revegetation than other 
high elevation watersheds on the southern slopes of the range. Within 
Mustang itself, the severity of the problems varies from place to 
place. High elevation, low precipitation, strong wind, rugged 
topography and remoteness collectively make the problem complicated. 
This report covers some of the causes of deterioration, their effects 
and needed solutions in Hus tang. 
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Figure 1. Map of Nepal showing geographical location of Mustang. (Source: Upadhyaya 1977). 
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OBJECTIVES 
In the past, Mustang received very little attention due to 
centuries of isolation, physiographical location and remoteness. 
Interaction be tween the mid hills and trans-Himalayan regions (Figure 
1) was limited to salt trading between Tibet :1nd Nepal. People 
depended on the limited local resources for their livelihood. Until 
this day, pastoralists depend on Tibetan grazing land for winter 
grazing. There is a severe scarcity of firewood, and agriculture 
production is limited. However, the overall pie ture of Mus tang seems 
more bleak than it actually is. With the view of advocating increased 
attention to Mustang's desertification problem and needed prefacing 
research plans to revegetate, this report emphasizes the following 
objectives: 
(1) To attempt to identify means of reducing the rate of 
degr:1da tiou of high elevation watersheds. 
(2) To identify possible ways to establish plants at high 
elevation areas. 
(3) To attempt to identify plant species that can be grown in the 
harsh climatic conditions of the trans-Himalayan region. 
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GENERAL DESCRIPTION OF NEPAL 
Nepal is a landlocked Himalayan kingdom situated between 26°22 1 
and 30027• north latitude, and 80°4 1 to 88°12 1 east longitude between 
India and the People's Republic of China. The geographical area of 
the country is about 147,181 square km (56,000 sq.ini.). The average 
east-west length is about 885 km (550 mi.) and the average north-south 
width is about 193 km (120 mi.). Nepal is a mountainous country with 
three distinct geographical regions: (1) the Himalaya Moun ta ins along 
the north, (2) the mid-mountains in the central region, and (3) the 
Terai along the south (Figure 2). 
Geographical Description 
~ Himalayas 
The Himalayas include the highest chain of mountains in the world 
with many areas covered by perpetual snow. Ranges such as the 
Kumbhakarna, the Jugal, the Mustang, the Annapurna, the Ganesh, and 
the Machapuchhare fan out from the east to the west. The world's 
famous peaks of Mount Everest, Kanchanjanga, Makalu, Dhaulagiri, and 
Annapurna are located in this reg ion. This range borders with 
People's Republic of China in the north and the midhills in the south 
and accounts for about 15% of the total land area. This range also 
includes the Trans-Himalayan valleys such as Dolpa and Mustang in the 
rainshadow regions of the Himalayas. This range is very steep with 
slopes over 100% in many places. Elevations range from 3500 m to the 
highest peak (Mt. Everest, 8848 111) in the world. Glacial cirques, 
to• .... 
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Figure 2. Hap of Nepal showing geographi .cal regions. (Source: Blaikie et al. 1980). 
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glacial troughs, hanging valleys and glacial lakes are found here. 
The human oopulation is sparse and very little land is usable for 
agr ic ul tural production. This mountain range also serves as a 
headwater source for all the drainage basins in Nepal. 
The Mid-mountains 
These mountains, also known as "midhills", include an intricate 
sys tern of moderately steep to very steep hills. This region is formed 
by the Mahabhara t mountain range with a maximum elevation of 4877 m. 
The elevations range from about 610 m to 1524 m or more above mean sea 
level (Statistical Pocket Book 1982). This range has been deeply 
incised by rivers. The mid hills are extensively cultivated and have 
been the traditional zone of Nepalese settlements (Upadhyaya 1977). 
Here, 59% of the country's population lives cultivating 30% of 
country's cultivated land. Most of the degradation and deterioration 
of the nation's land and natural resources has occured in the midhills 
(Blaikie et al. 1980). This region accounts for about 68% of the 
total land area. 
The Terai 
The Terai is the flat, mostly fertile strip of land along the 
southern part of the country. The Terai, which is an extension of the 
Indogangetic plain, is the grainbelt of Nepal and occupies about 17% 
of the total land area. Only 38% of the country's population live 
here producing 90% of the country's agriculture. This region is a Dou t 
26 to 32 km (20 mi.) wide. The eastern Terai is wider and the western 
Terai is narrower. 
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The River Sys terns 
There are three major river systems that drain the whole country. 
The Koshi river, which is a confluence of 7 different rivers including 
the Koshi, Sunkoshi, Arun, Tamor, Tamakoshi, Indravati, and Likhu 
draining the eastern part of Nepal. The Gandaki river, which also 
includes 7 rivers, including the Trishuli, Kali, Seti, Madi, Daraundi, 
etc. drains the central part of the country. The Karnali river drains 
the western part of the country. Apart from these major rivers, there 
are other rivers such as Kankai, Kamala, Bagmati, Rapti, Babar, and 
others. The rivers originate from the Himalayas in the north and 
extend to alluvial plainland of the Terai through the midhills (Figure 
3). A fraction of the catchment areas of some of the rivers lie in 
Tibet. However, only about 10% of the surface runoff comes from 
Tibet. 
Nepal boas ts that her tremendous water resources are potentially 
able to produce as much as 83,000 megawatts of hydroelectricity (Dixon 
1975 ). Due to lack of proper management this water washes away 
productive soil, causes landslides, floods the fertile land of the 
Terai, and some times results in tragedy. 
The mountain ranges of Nepal generally run from northwest to 
southeast. The tributaries that dissect the mountains are usually at 
right angles to the main rivers. 
Climate 
One of the fascinating things about Nepal is the great variety of 
climates contained within a relatively small country. The 
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Figure 3. Map of Nepal showing political boundaries and major rivers. (Source: Upadhyaya 1977). 
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precipitation and temperature vary from region to region. Summer and 
late spring temperature varies from maximum of 40° C in the Tec-ai to 
280 C in the midhills. Much colder temperature prevail at higher 
elevations. Nepal receives both summer and winter precipitation. A 
greater portion (about 80%) of the precipitation comes during the 
monsoon from July thc-ough September. The monsoon originates in the 
Bay of Bengal, moving westward across eastern Nepal. As the monsoon 
moves westward the amount of precipitation decreases (Statistical 
Pocket Book 1982). Winter rains are brought by southwest winds and 
therefore contribute more rain in the western part of the country. 
The driest parts of the country (such as Mustang) receive about 300 mm 
of average annual precipitation, whereas the maxim um prec ip i ta tion 
approaches 6000 mm along the southern slopes of the Annapurna range in 
the central part of the country. The average annual precipitation of 
1500-2500 mm predom ina tea over most of Nepal. 
Socioeconomics 
Nepal is one of the poorest countries in the world with one 
of the highest rates of population growth. According to the 1982 
census the population of Nepal was 16 million. About 93% of the 
population depend on agriculture for their livelihood. Main crops 
cultivated are rice, maize, millet, barley, wheat, potato, jute, 
sugarcane and oilseeds. Cash crops include tobacco and tea but are 
grown only in a few areas. 
The most important economic resources of Nepal are forests that 
occuJ)y about 33% of the total land area. The major forest products 
are timber, rafters, beams, and faggots. The forests also supply 
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materials for furniture and paper industries. Herbs, dru gs, fruits, 
resin, and terpentine are some of the minor products of the forests of 
Nepal (Statistical Pocket Book 1982). 
Increasing population, a~ricultural economy, lack of education, 
small land holdings, difficult topography for transportation, and 
geographical location cons train the economic growth of Nepal. Nepal 
has made remarkable progress in various fields since 1949 when the 
country was opened to the outside world. But, the lack of resources 
and transportation, plus its landlocked mountain topograpny, have 
always posed difficulty in the economic and social betterment of 
Nepal. 
In the midhills, almost every household owns at least one or two 
cattle, a few goats, and a few hectares of land. Educated people 
strive for civil jobs, whereas some ethnic groups are oriented toward 
serving in the Indian and British armies. People from high elevation 
areas are usually involved in long distance trade, tourism or 
mo un ta inee ring. In the Terai, people are mainly involved in 
agriculture and raising cattle, water buffalo and goats. Educated 
people in the Terai also strive for civil jobs. Some people run 
cottage industries such as rice mill, vegetable oil mill, textile and 
wool industries in both the midhills and Terai. 
16 
THE HIMALAYA MOUNTAINS AND TODAY'S PROBLEMS 
The Himalaya Mountains are a rapidly rising mountain range. 
Ward (1935) suspects that the recent time uplift of the Himalayas 
after the retreat of the glaciers may have increased the river 
gradient and thus encouraging the cutting of deep gorges. The lower 
courses of the rivers received more water during the monsoon and 
scoured the channel, increasing the gradient which was further 
increased by the uplift of the head. The last glaciation of 
Toshmaidan (Kashmir) in India was 14000 -15000 years before present 
(Singh and Agrawal 1976). Geologically the Himalayas are very 
fragile. Relief is extremly steep and the average gradient is 50%. 
The ~eological basement is deeply weathered and weak (Hurni 1985). 
The Himalaya Mountain watersheds are most critical for Nepal. 
Clearing of forests for fuel, timber, and more agricultural land and 
the resulting rapid runoff ultimately lead to degradation of the 
mountain environment. The mountain regions are more fragile than the 
plains. Major rivers originating in the Himalayas bring tremendous 
amounts of sediment from the devegetated areas and agricultural land, 
which is deposited ultimately on the river beds, lakes, reservoirs and 
most importantly on productive land during floods (Das 1979). 
In Karnali basin in far western Nepal, rivers transport 75 
million m3 of sediment annually. Ia eastern Nepal, the Koshi river 
has buried 15,000 km2 of once fertile land under sand and debris 
displacing millions of people (Bha tta 1984). In many areas of Neoal 
desertification is in different stages. In areas where the livestock 
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population exceeds the carrying capacity and where over-gr4zing has 
been occuring for long periods, the watersheds have been denuded 
extensively. This condition is usually found at higher elevations in 
the trans-Himalayan region (Bha tta 1984). Heavy grazing has led to 
the depletion of vegetation leaving a rudimentary vegetation cover not 
sufficient to hold the soil (Bjonness 1983). Depletion of vegetation 
is not only due to overgrazing but also due to firewood collection, 
browsing, and trampling (Bjonness 1980a; 1980b)• Since natural 
regeneration is slower at nigher elevations, mainly due to low 
ternperature, pasture and forest conditions remain poor where human 
activity is continued. At the same time, the growth of tourism in 
high Himalayan areas has brought environmental changes. Tourism has 
put more pressure on firewood (Bjonness 1980b). Shortages of firewood 
have forced people to cut the least accessible trees, thus leaving 
treeless steep land for animal grazing. People who were guarding the 
forest in the past now have begun to cut the trees ( Bjonness 1983). 
Rivers carry 200 times more water during the monsoon than they do in 
dry season, flooding and depositing silt and debris brought frorn the 
mountains. Since infiltration in the mountains is decreasing, the 
aquifers are not being recharged as before. Several water spouts h.ave 
gone dry such as Godawari (Bha tta 1984). 
LitUe was known about the vegetation and its condition in Nepal 
before 1949, when the country was almost closed to travellers. The 
flora of Nepal remained almost unknown ( Stainton 1972). White (1920) 
and Che twode (1935) mention that travellers were not allowed to leave 
the Kathmandu valley. Literature provides information regarding 
vegetation, watershed condition and stage of degradation only after 
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19 49. Method of grazing and cultivation probably have not changed 
much from before 1949. The need for management of upland watersheds 
and their rehabilitation was recognized and as a result His Majesty's 
Government (HMG) established a new Department of Soil Conservation and 
Watershed Management in 1974 (Upadhyaya 1977). The causes of watershed 
degradation are many, such as deforestation, overgrazing, farming in 
steep slopes and other uses. Whatever the reasons, 7 million people 
living in the middle mountains of Nepal will have consumed or 
destroyed the basic natural resources before the year 2000. Growth of 
human and livestock populations has caused more tree cutting, 
elimination of regeneration and seedling growth by intensive grazing, 
which has disturbed the mineral cycling of both forest and 
agricultural land. Three-fourths of the forest cover has been 
destroyed in the last three decades. Cultivated terraces have been 
abandoned due to decline in productivity, and at least 5 million 
people will have to leave the mountains due to lack of food and fodder 
by the year 2000 (World Bank 1985). 
The frontispiece of Arctic and Alpine Research (1979) mentions 
the loss of half of Nepal's forest cover in the last 25 years due to 
growing population pressure. Terraces have been pushed to higher 
altitudes at the expense of forest cover. If the slope stability and 
vegetative cover are destroyed, soil loss from the high mountains will 
be rapid and irreversible (Eckholm 1976). Eckholm (1976) warns that 
the present trend, if continued, may lead to the development of a 
semi-desert type ecology in the hills. The process of desertification 
is steadily assuming critical proportions in Nepal (Bha tta 1984). The 
high runoff from common-owned land such as high pastures, where 
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conservation measures are minimal and natural erosio n is very high, 
disturbs the terraced slopes of the midhills (Hurni 1985). 
The high Himalaya watersheds have not received as much attention 
because these watersheds are not as heavily populated as the mid hills. 
However, the population pressure on cultivated land in the high 
Himalayas exceeds by three and a half times that on the Terai. 
Because the high Himalayas have the lowest proportion of cultivated 
land, the least agricultural potential, and very few off-farm 
employment opportunities (Bjonness 1983 ) . The potential for economic 
development is low. This forces people to adopt extensive methods of 
c u ltivation and grazing. Per-household firewood consumption in the 
high Himalayan settlements is more ttlan in the midhills due to the 
cold climate. Thus, the pressure on the forests and pastures here is 
very high, and the resulting erosion problems at high elevations is as 
severe, if not worse, as in the midhills. 
Seemingly, the landslides that occur at high elevations do not 
pose the immediate threat to human lives and property as they do in 
the heavily populated mid hills. Flooding and soil loss seem to be of 
a smaller magnitude. But this is only where the problem begins. 
Increased overland flow at high elevations adds to the runoff and 
e r odibility downstream. Floods, streambank erosion, and sand and silt 
deposition in the productive land of the downstream areas are the 
results of increased runoff from tne high Himalayas. 
High elevation areas are a tension zone and a place of constant 
struggle for plan ts to survive. Natural regeneration is slow. Once 
the head watersheds are stripped of vegetation, the splash and sheet 
erosion deepen in to rills. Rills develop into gullies giving rise to 
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still larger flow concentrations and erosional energy (Heede 1979). 
The local base level of tributary gullies becomes lower causing 
further erosion upstream. Dissection of the land surface by gullies 
produces a lower groundwater table, and groundwater recharge is 
reduced due to decreased infiltration. Depletion of groundwater may 
cause perennial streams to become ephemeral, resulting in less water 
available during rainless times of the year. Increased sediment load 
raises the riverbeds and floods the adjoining areas. This type of 
flooding during the wet season, and drought during rainless periods 
have been increasing in the Himalayan foothils and plains (Bhatta 
1984). Continuous exploitation of vegetation at high elevations has 
led to desertification of high mountains, as in the case of Namche 
(meaning "dense forest" in the Sherpa language), which now is denuded 
(Blai k ie et al. 1980; Bjonness 1983). If natural forests at 
timberline are removed, the timberline retreats considerably, thus 
upsetting the hydrological processes permanently (Grant 1984). 
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PROBLEM AREA: MUSTANG 
Background 
The Mustang District is located in the Dhaulagiri zone of the 
western development region of Nepal. It borders with the Manang, 
Myagdi and Dolpa districts of Nepal on the east, south and west sides, 
respectively. On the north lies the Tibetan Plateau. A major part of 
the Mustang District stretches into the Tibetan plateau. It is one of 
the three cold desert areas of Nepal, including Dolpa, Mustang, and 
Manang (Stainton 1972). The elevation of the Mustang district ranges 
from 2100 min the southern part to 5400 m and above in the north. 
The entire basin is drained by the "Kali Gandaki" river, which runs 
from nort h-to-south dividing the area into two parts; (1) east of the 
river, and ( 2) west of the river. Kali Gandaki 11 terally means "black 
river", named for the sediment load in the water that gives it a dark 
color. The tributaries meet the Kali Gandaki almost perpendicularly, 
dissecting the mountains east to west. Host of the human settlements 
are found at 2100 m to 4000 m elevation along the Kali Gandaki river. 
Major villages in Mustang are located along the Kali Gandaki 
valley (Figure 4). They include Le te, Kobang, Tukuche, Marp ha, 
Jomsom, and Chuksang. Other important villages are Muktinath, Ghami, 
Cha rang, Lo-man thang, Surkhang, Chhon up and others. Muk tina th has 
great religious significance. It is a major tourist and pilgrimage 
destination point. 
Jomsom, the district headquarters, is located in the south-
central part of Mustang. Climate, vegetation and landuse between 
nor th and south of Jom som are different. Therefore this village can 
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Figure 4. Map of Mustang showing major villages and elevations. 
(Source: Peissel 1967). 
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be used as a reference for the purpose of comparing the climate, 
erosion hazard, vege ta ti ve conditions, socioeconomics, and most 
importantly the overall development and improvement of natural 
resources between the areas south and north. Areas north of Jomsom 
will be referred to as northern Mustang, and south of Jomsom will be 
referred as southern Mus tang. 
Climate 
Mustang has basically three climatic zones: (1) alpine (4000 to 
5000 m), (2) subalpine (3000 to 4000 m); and (3) cool temperate (2000 
to 3000 m) (Aprosc 1979) (Figure 5). Annual average precipation is 
about 300 mm at the lower elevations (Statistical Pocket Book 1982), 
most of which falls as snow, but some precipitation occurs in summer. 
This precipitation increases toward the south of Jomsom and decreases 
northward. However, the only climatic record available in Mustang is 
from Jomsom (Table 1). For two-thirds of Mustan~'s area, north of 
Jomsom, no data are available and there are no snowfall records. 
Areas north of Jomsom and at all areas higher in altitude than Jomsom 
receive a greater share of annual precipitation in the form of snow 
(Aprosc 1979). 
Mean annual temperature varies between soc - 160c, but day and 
night temperature differences are large. The January mean minimum 
temperature drops as low as -o.9°c and the July mean maicimum 
temperature is 21°c in Jomsom (Table 2). However, this record does 
not represent the area south and north of Jomsom. Typically, there 
are two seasons; predominating is a long winter with a short summer 
and a very short spring and fall in between. Above timberline the 
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Figure 5. Map of Mustang showing climatic zones. (Source: Aprosc 1979). 
Table 1. 11onthly mean and total precipitation (:nm) at Jomsom. 
Year Jan Feb Mar Apr May Jun Jul Au~ Sept Oct Nov Dec Total 
{1959-63) 
(1961-75) 
28 24 30 28 6 14 46 45 40 
20 18 23 15 11 17 41 54 35 
* (Source: Stain ton 1972) 
** (Source: Statistical Pocket Book 1982) 
29 2 
37 2 
3 
2 
295 
275 
7 -
_ ) 
Table 2. Mean maximum and mean minimum monthly temperatures (°C) of 
two locations (Marpha and Jomsom) in Mustang. 
Marpha 
(1965-75) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Maximum 10 11.6 14.8 18.l 19.3 20.7 21.2 20.7 19.5 17.4 13.9 12.3 
Minimum -0.9 0.1 2.8 5.4 7.1 10.6 11.9 11.6 10.6 6.6 1.9 -0.1 
Mean 4.5 5.8 8.8 11.7 13 .2 15. 7 16.6 16.2 15.1 12 7.9 6.1 
Jomsom 
(1985) 
Maximum 21.8 25.9 26. 5 24.6 24.9 19.5 15.6 14.4 
Minimum 4.6 5.1 5.0 3.2 4.6 1.2 1.2 0.8 
------------------------------------------------------------------------
Data for Marpha were obtained from Statistical Pocket Book (1982) and 
for Jorn som were obtained from Resource Conservation and Utilization 
Project (19 8 5). 
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mean annual temperature is near ooc. 
There are two types of wind that sweep the entire area about 12 
hours a day, year-round. The wind that blows from south-to-north 
star ts in the morning and dies down in the evening. The wind funne 1 s 
through the gap between Annapurna and Dhaulagiri, the deepest gorge on 
earth, and blasts over Mustang. It starts from the valley near the 
village of Kobang and picks up speed as it reaches Jomsom. The 
average wind velocity is about 40 knots/hr (personal communication, 
Jomsom airport). The north-easterly that blows from the Tibetan 
plateau towards the south start in the early morning and dies down 
about 0900 in the morning. The north-easterly is very cold, with 
lower velocity than the south wind, and blows only from September 
through February or March. 
Hydrology and Drainage 
Most of the valleys in Mustang lie above 3000 m elevation with 
the high peaks in excess of 7500 m. These peaks on both sides of the 
valleys are covered by snow year-round. There are numerous snowmelt 
tributaries that feed the main Kali Gandaki river. Major tributaries 
are the Tange and Mustang Khola that drain the north-eastern part, and 
the Chilling, Samar and Sandok Khola which drain the north-western 
region. Other tributaries are the Jhong Khola, Dhampus Khola, and 
Thapa Khola (Figure 6) (Aprosc 1979), running through deep gorges and 
falls. 
There is a tremendous amount of water in Mus tang, but it is 
located far from any development. The water-table varies from a few 
to many meters deep. Despite low precipitation, discharge of the 
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Figure 6. Map of Mustang showing major tributaries. (Source: Aprosc 1979). 
22 
tributaries and the main river increases during the monsoon season due 
to favorable temperatures for snowmel t at the higher altitudes. As 
such, this flooding is considered to be less of a problem, but as it 
carries heavy sediment loads it destroys thousands of acres of 
productive land in adjoining districts downstream. 
Soils 
Soil surveys have been done only in and around the human 
settlement areas. There have been no soil data of any kind collected 
above 3600 m, where all the grazing land lies. Soils are generally 
shallow, but in the lowland they are moderately deep to deep and well-
drained to moderately well-drained. Texture varies from sandy loam, 
silt loam to sandy clay loam. Rock fragments on the surface are very 
common. Soils are low in organic matter, nitrogen and phosphorous are 
medium to high and potash is low in some places and high in others 
(Table 3). All the available data show that the soils are alkaline to 
strongly alkaline (Aprosc 1979). 
One major problem in Mustang, in addition to other climatic 
factors, is the presence of patches of salts in the surface soils. 
The soil problem has not been mentioned in the Aprosc (1979) report, 
partly because the soil survey was done only in a few selected places. 
Soil samples were taken from 13 pits for the entire region. In the 
neighbouring area of Tibet, Ward (1935) mentions the presence of 
salts. 
Description of soil uni ts 
Soil survey in Mustang was conducted by Aprosc (1979) on a broad 
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Table 3. Nutrient status of the soils of Mustang (Source: Aprosc 
1979). 
---------------------------------------------------------·----------
Soil uni ts 
Chhunga 
Chhairo 
Kai sang 
Marang 
Marpha 
Muktinath 
Man tang 
Samar 
Syang 
Tukuche 
Soil reaction Organic 
matter 
Moderate to 
strong acidic 
Moderately 
alkaline 
Moderately 
acidic 
Moderately 
alkaline 
Moderately 
alkaline 
Moderately 
alkaline 
Moderately 
alkaline 
Moderately 
alkaline 
Moderately 
alkaline 
Moderately 
alkaline 
Low 
Very 
high 
Very 
high 
Medium 
Medium 
Medium 
Medium 
Very 
high 
Very 
high 
High 
N 
Medium 
High 
High 
High 
Medium 
High 
High 
High 
High 
P205 
Medium 
High 
High 
Very 
high 
High 
High 
Very 
high 
High 
High 
High 
Low 
Medium 
Very 
high 
Low 
Medium 
Very 
high 
Medium 
High 
Organic Matter(%). Low=< 1, Medium= 1 - 2.5, High= 2.5 - 3.5. 
N. (%). Medium=< 0.2, High= > 0.2. 
p2o5 • (kg/ha). Medium=< so, High= so-200, Very high=> 200. 
K2o. (kg/ha). Low=< 100, Medium = 100-150, High= 150-500, Very 
high = > soo. 
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reconnaissance scale, with the primary objective of identifying and 
recommending inventory needs. Description of soil units (Figure 7) as 
identified by Aprosc (1979) is as follows: 
Chunga-Marang-Muktina th-Samar soil (Ch-Ma-Mu-Sa) 
Chunga-Maran~-Muktinath-Samar unit occurs in the central part of 
Mus tang on rolling bench terraces to steep slopes that range from 3350 
m to 3600 m. This unit has shallow to deep and moderately well-
drained to well-drained soils. These soils are moderate to highly 
alkaline, low in organic matter. 
Chunga soils are medium in nitrogen and phosphorus and high in 
potash. They are poor for forest development but moderate to highly 
suitable for pasture. 
Marang soils are high in nitrogen and very high in potash and 
phosphorus. They are moderately suitable for forest and pasture 
development. 
Muktinath soils are high in nitrogen and phosphorus but medium in 
organic matter. They are hignly suitable for pasture but only 
moderately suitable for forest. 
Sa mar soils have high nitrogen and phosphorus and medium potash. 
These soils are very good for pasture and forest. 
Chhairo-Marpha-Syang soils (Cr-Mr-Sy) 
This unit occurs along the Kali Gandaki river on flat to gently 
undulating river terraces at 2600 m. These soils are also shallow to 
deep. Texture varies from loam to silt loam. They are moderately 
alkaline. These soils are high in nitrogen, phosphorus and potash 
except the Marpha soils which are low in potash. These soils are 
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Figure 7. Map of Mustang showing soil units. (Source: Aprosc 1979). 
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highly suitable for fruit and vegetable production. 
Chhairo soils are highly suitable for forage crops and forests 
but Marpha and Syang soils are moderately suitable for pasture and 
moderate to poorly suitable for fores ts. 
Mantang-Marang soils (Mt-Ma) 
This unit occurs in the northern part of the district on flat to 
undulating terraces at 3600 m. This unit is highly suitable for 
pasture and moderate to poorly suitable for forest. 
All the above units have been described as having many rock 
fragments on or near the soil surface. They are susep tible to erosion 
and droughtiness, and cold climates are limitations of these soils. 
Land use 
Mustang has less than 5% of its area under forest (Bhatta 1984). 
Land under cultivation is less than 3% of the total, and pasture is 
about 35%. The rest of the area is rock outcrop and snow covered 
areas (Aprosc 19 79). 
Fores ts 
Almost all of the forest areas are located in southern Mustang. 
Forest cover declines from sou th to nor th. From Ma rp ha nor th to 
Jorn som the forest cover decreases so sharply that the mountain slopes 
become more and more barren within a distance of less than 6 km. The 
trees decrease in height and canopy size. From Jomsom north, the 
mountains are completely devoid of trees ex:cept some wind-protected 
pockets of Be tula spp. and Juniperus spp. in leeward sides. Several 
areas at high altitude have scarce vegetation. With the ex:ception of 
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Lete, Kunje, and Kobang, people living in Mustang have a very strong 
tradition of protecting the existing forests. However, forest floor 
11 tter is collected for compost fertilizer. 
Agricultural land 
In Mustang, agricultural land occupies the lowest area. 
Agricultural lands are generally found in and around the villages, 
except for a few isolated apple orchards. Unlike other areas in the 
country, cul Uva tion in Mus tang is done only on the terraced benches 
that have adequate irrigation facilities. The climatic difference 
between the north and south results in different cropping patterns. 
In the south, two crops a year are grown, including primarily naked 
barley and buckwheat, but some maize and millet are also produced. 
The cultivation of crops diminishes northwards, where primarily 
only one crop, wheat, is grown . Expansion of agricultural land is 
limited by lack of irrigation and water development. Every square 
meter of irrigable land has therefore been put under cultivation, and 
is highly fertilized and well managed. There are fertile river 
terraces available, but due to a shortage of water facilities they 
remain uncultivated. 
Mustang has great potential for horticulture development. In 
recent years a pp le and apricot fa rm ing has gained popular 1 ty. 
Progressive farmers have also started agro-forestry. 
Unlike mid hills and other high mountains, the cul tiv:i ted lands in 
Mus tang seldom remain fallow. Erosion from cul Uva ted lands, though 
not negligible, is very low. Even wind erosion is minimized due to 
good management. However, there are many abandoned, once cultivated, 
lands that have become desertified in recent times. 
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Rangelands 
The condition of rangelands, which occupy the second largest area 
in Mustang, is just the opposite of agricultural lands. The 
rangelands are owned by the comm uni ties. They are over eicploi ted and 
highly deteriorated. In the south, increasing amounts of 
precipitation and less wind favors plant growth in contrast to 
northern Mustang where vegetation cover is extremely poor. In the 
south, crop farming and animal husbandry are widely practiced. In the 
north, however, animal husbandry predominates. Wild grazing is very 
common. The major erosion problem is with the rangelands (Aprosc 
1979). Mustang has a great potential for range development, but so 
far it has remained unimproved. In summer, after tne snow melts, high 
pastures are open, and people from adjoining midnill districts bring 
their animals into southern Mustang to graze on these high pastures. 
The vegetation condition of the high pastures is not known. 
~ outcrops and ~ cover 
About 57% of the total area in Mus tang is occupied by rock 
outcrops, and an additional 5% of the total are is covered by 
permanent snow (Aprosc, 1979). The higher mountain ranges such as 
Annapurna, Nilgiri, and Tukuche are located in Mustang. The higher 
the altitude, the more snow cover and rock outcrops. 
Vegetation 
The arid and semi-arid climate of Mustang supports a sparse 
vegetation of grass land and steppe. Plan ts include widely spaced 
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shrubs, salt tolerent shrubs and some tree species. r-iost of the tree 
and shrub species are phreatophytes. Few grass species are annuals 
which grow after the snow starts melting and complete their life cycle 
before the following fall season. However, many unidentified and 
undescribed perennial bunchgrasses were observed in the region by 
Brown (1983). This is true in the areas north of Jomsom, but in areas 
south of Jomsom and in particular the Kobang, Lete and Kunje regions, 
the vegetation is complex and cannot be defined as simply arid and 
semi-arid as in the north, because of adequate rainfall and little 
wind effect. This report will mainly emphasize the type and extent of 
vegetation in areas north of Jomsom. However, there is an acute need 
for managing the existing vegetation in the Kobang, Lete and Kunje 
areas as well. 
Essentially, tree species that occur in the Jomsom area are Pinus 
excelsa, Juniperus spp., Betula spp., Populus spp., and Salix spp. 
Other primarily herbaceous species common in this area are: Sophora 
moorcroftiana, Oxytropis sericope tale, Berberis m ucrifolia, Ephed ra 
garandiana, Lonicera hypoleuca and Incarvillea arguta. 
Further north of Jomsom, woody species such as Caragana, spp., 
Artemisea, spp., ~ serica, Lonicera mutifolia, Spirae bella, Spirae 
arcuata, Ribes orientalis and Berberis angulora are found 
occasionally. Caragana brevispina and Lonicera spinosa are also found 
up to 5100m (Aprosc 1979). Populus spp. and Salix spp. have been 
introduced all across the valley in the villages. From Sa mar in the 
north Populus spp. and Salix spp. are the only tree species that can 
be seen, and are used as timber. Peissel (1965), referring to the 
northern part of Mustang, noted "So high and barren is this land that 
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not a single tree grows wild on its wind swept hills. The kingdom's 
few trees grow only near streams or in irrigated gardens where they 
are watered and pampered like flowers for the pleasure of royalty". 
Land above 5000 m is of little productive use (Bjonness 1980a). 
However this land serves as a resource for grazing durin~ the summer 
months. There are no data as to which grass species are available in 
the dry region of northern Mustang. 
For the national administration and development process, Mustang 
was an area of little interest up until the late 1960's. Huch of the 
needy areas of Mustang, such as Surkhang and Lo-Hanthang are very 
remote from Jomsom. They receive little attention mainly due to the 
difficulty of transportation. This resulted in a high degree of self-
reliance for these people. 
Livestock 
Livestock raising is the basic occupation of the majority of 
people in Mustang. Major livestock includes donkeys, mules, horses, 
sheep, and goats in northern Mus tang. Mules and donkeys are used for 
carrying loads and horses are used for transportation. Sheep and 
goats are used for meat and are sold for cash. Apart from these 
animals, yaks are raised at higher elevations and are used in many 
ways; the wool is used for making clothes, milk is used in making 
cheese and butter, and yaks are also used in ploughing fields and 
carrying loads. Yak dung is used for fuel and its tail has a high 
price (Peissel 1965). In southern Mustang, cattle and goats are 
raised. Horses and mules are also raised for transportation. Donkeys 
are not found in southern Hus tang. Here the human population density 
37 
is far below the national average. 
Economy 
Mustang is a food-deficient area as is most of the high 
Himalayas. High Himalayan people are regarded as being the "poorest of 
the poor" (Bjonness 1983 ). The lowest agricultural potential and 
fewest off-farm employment oppurtunities causes the seasonal migration 
of able-bodied people. The potential for economic development is not 
very high because the area is remote and has no basic transportation 
facility in order to make the benefits of development availaDle. 
The economic balance within the Mustang region is inadequate and 
skewed, where the poor live in the north and at high elevations. The 
Thakali people, who have settled from Ghasa to Jomsom, specialized in 
long-distance barter trade in the nineteenth century and early 
twenteeth century, and accumulated capital for investment (Blaikie et 
al. 1980) which led to the imbalance of the already poor economy. 
Lately, tourism development in the southern part has further 
imbalanced the economic situation. The areas north of Kagbeni are 
restricted to foreign nationals. In the northern parts, where the 
majority of the people live, people are poor. During winter many of 
these people move to other parts of the country and to India for 
trading. They return to Hustan~ in the spring with household supolies 
necessary for the remainder of the year. The young and old people 
remain in the villages during winter. 
Except barley and buckwheat, every other food item is imported 
from Pokhara - the nearest market - wllicll is 7 to 10 days walking 
distance. To meet the inflation rate and local demand of imported 
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food, the only alternative is raising livestock. In other words, 
livestock can be said to be the base of the poor living made by the 
people. Although the rural economy depends on natural grazing, 
little effort has been diverted to its development. The main reasons 
are its remoteness, harsh climate, and inadequate knowledge about the 
available potential resources. Important factors such as climatic 
data, vegetation data, and soil data do not exist. Sometimes even the 
animal population is unknown. Numerous naive grass species must have 
been considerably reduced by at least two factors: (1) a very cold 
climate during most of the year, and (2) over grazing by sheep and 
goats. This may have then been aggravated by strong perpetual winds. 
It is extremely difficult to reconstruct the land conditions of 
the past in Mustang. However, the area that supported settlement for 
centuries was obviously not as denuded as in recent centuries, when 
the population was low, as it appears now. Over-utilization of 
natural resources that were already at a marginal level, as in the 
case of Ordas Sandy Land of China, must have turned the land in to 
desert. The desertification process is very pronounced in the 
northern part, and less so in the south. It can be vizualized that 
most of the natural resources in the nor th have deteriorated beyond 
the point of regeneration. Topsoil has been eroding for unknown time. 
Arroyos and gullies are seen all across Mustang. The surface is 
extremely dry due to the high evaporation demand and wind. A small 
event of rainfall washes away tremendous amounts of soil from these 
dry surfaces. 
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Transportation 
The means of transportation in Mus tan~ are walking or horse-back 
ridin~. Short Take-off and Landing (STOL) planes serve between 
Pokhara or Kathmandu and Jomsom. Transportation cost, therefore, is 
very high. Goods and supplies are carried by horses, mules, donkeys, 
yaks and human porters. 
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COMPONENTS OF THE PROBLEM 
Revegetation in Mustang can be a frustrating challenge. The 
factors limiting plant establishment in Mustang include dry 
conditions, low mean temperature, wind, high elevation, and few 
adapted species. Superimposed on that is the presence of salts in the 
soil in many areas. A general discussion of how each of these factors 
influences plants follows. 
Environmental Limitations !! High Elevations 
The environmental factors that affect the growth of plants at 
high elevations are the same on mountains as they are elsewhere. 
Temperatures at higher elevations are generally low, and wind is 
usually high. Effects of slope and aspect are more important as 
elevation increases (Coulter 1967). With an increase in elevation, 
temperature drops. The rate of temperature change with increase in 
elevation is usually about -o.s 0 c per 100 m. However, the lapse rate 
varies from place to place depending upon topography, over-all height 
of the mountains, and, most importantly, proximity of the sea (Gr:ice 
1977, Tranquillini 1964). Some of the important factors that make 
high altitude areas different for plant growth are discussed below. 
Radiation 
One of the fundamental aspects of the environment at high 
altitudes is the shorter effective path-length through which the sun's 
rays travel. There is also a decrease in turbid, scattering, and 
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absorbing rnoisture in the atmosphere at high elevations (Tranquillini 
1964). Diffuse radiation is less at high elevations than at lower 
elevations, but increases during cloudy conditions. Blue and ultra-
violet portions of the spectrum are high, and the incoming solar-
short-wave radiation is greater, thus raising the temperature of the 
surface slightly higher than the ambient air ternperature. But the 
surface cools down rapidly at night causing a frequent-freeze thaw 
cycle of the bare ground (Coulter 196 7). 
Topography plays a very important role in rnountain climatic 
conditions through aspect and slope, which influence solar energy flux 
interception. Slope and aspect also produce variations in wind 
effects. Grace (1977) pointed out that even a small change in a 
factor like temperature and wind may influence plant performance 
considerably. 
The amount of solar radiation received per unit area of land is a 
function of slope. The sun's rays that fall perpendicular to the 
surface have more flux density than rays falling at an angle. 
Therefore, the radiation on south slopes is more intense, and is 
dirninished on north slopes (Rosenberg et al. 1983). 
The importance of slope and aspect varies with latitude. 
However, it is rnore critical at higher latitudes than at lower 
latitudes. At lower latitudes the sun angle remains high throughout 
the year, and the timberline elevation declines with increasing 
latitude. 
Moisture 
Climatic relationships between rnountains and free air are 
influenced by surface conditions of snow cover and vegetation. Slope 
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and aspect affect incident radiation, heat, and moisture conditions of 
the surface (Geiger 1965 ). Depletion of soil moisture occurs 
frequently, and often rapidly, in high mountains, causing desiccation 
of seedlings in rainless periods. A fuller discussion of soil 
moisture recharge and depletion that may be applied to Mustang is 
discussed in the precipitation and soil moisture recharge section of 
this report. 
Soil and plant temperature 
Plants need a certain range of soil temperature for growth and 
seed germination. Soil temperature is related to air temperature, and 
is known to affect plant growth (Hanks and Ashcroft 1980). Soil 
temperature is especially irn por tan t in regulating the up take of 
nutrients and water from the soil. It also affects the physiological 
processes that take place in the root system (Ravikovitch and Navrot 
1972). 
Soil temperature varies because of the heat exchange with the 
atmosphere, flow of heat within the soil, heat utilized for 
evaporation, condensation and so on (Hanks and Ashcroft 1980). Soil 
is heated at the surface by solar radiation. Thermal conductivity of 
soil is density dependent. Soil with higher density has higher 
thermal conductivity. Thermal conductivity also depends on the water 
content of the soil. For this reason, a sandy soil may warm up faster 
in the day time than a clay soil. But sandy soil also cools down more 
rapidly at night compared to clay or silt under the same given 
conditions because of its lower thermal conductivity and soil rnois ture 
content (Rosenberg et al. 1983). On a daily basis the soil 
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temperature profile changes raoidly at the surface. The surface gets 
warmed to maximum in the early afternoon and cools in the morning. 
This temperature gradient caused by warming of soil surface in the 
early afternoon causes heat to flow downward (Hanks and Ashcroft 
1980). Toward evening the atmosphere starts to cool, and heat from 
the soil surface flows in both directions -to the atmosphere and into 
the soil. The subsurface soil has a higher temperature than the 
surface which creates a gradient in an upward direction and heat 
starts to flow to the surface. On an annual basis, however, although 
the maximum solar radiation occurs on June 21, tne mean monthly 
temperature of the below-surface soil reaches its highest in August. 
There is thus a time lag in the mean maximum subsurface soil 
temperature (Hanks and Ashcroft 1980) 
This variation in temperature is probably of greatest importance 
at high altitudes. Due to intense radiation, the surface soil 
temperature rises in the afternoon and cools down rapidly at night if 
the soil is dry and low in organic matter. This is especially harmful 
to delicate seedlings. Low temperatures combined with dry conditions 
become even more harmful. Kaufmann (1977) noted that low temperature 
and soil drying significantly reduced the growth of Monterey pine 
(Pious radiata) seedlings. He also concluded that leaf conductance of 
water vapour was not significantly affected by root temperature. 
Xylem pressure potential was reduced by low root temperature during 
daylight. 
Soil microbial activity is very important for plant growth. 
Fahey (1983) noted that the rate of decomposition of forest litter may 
not differ sil!nificantly between su m11er and winter, if the soil is 
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insulated by snow pack during winter. However, tern pera ture may effect 
mycorrhizal fungi activity. According to Marx et al. (1970) the 
optimum temperature for ecto-mycorrhizal development on yellow birch 
( Be tula alleghaniensis) was ls.soc. Only a 20c rise or fall from this 
optimum temperature caused a decrease in ecto-mycorrhizal abundance 
and thickness of fungal mantle. 
Tranquillini and Turner (1961) compared Pious cembra needle 
temperatures 10 cm above the soil surface at 2000 rn elevation with 
those of shelter temperatures and found that the needles were 
considerably cooler at night than the shelter air temperature in 
November. The maximum daily needle temperature amplitude was 34oc in 
April and air temperature amplitude was only 13°c. They further 
noticed a tern per a ture fl uc tua tion of as high as 200 C in a few 
seconds. The free zing temperature (-40 to -80C) of Pious cem bra can 
be crossed many times during a few minutes in a day, which can lead to 
damage to even re sis tan t species (Tranquillini 1964). This type of 
temperature flue tua tion could t>e de triit1en tal to less-tolerant species. 
Tranquill ini (1964) suggested that climate at one high elevation 
cannot be taken as representative for all high mountains, since 
a ltitude above sea level, the orographic peculiarities, the lay of the 
land (sun vs shade slope, wind vs wind-protected faces) and latitude 
all play important roles. Therefore, in evaluating climatic 
variability at high altitudes, over-generalization should be avoided. 
Particularly when climatic factors such as temperature, precipitation 
and wind vary greatly in a short distance as in Mustang, each pocket 
should be considered individually. 
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Drought and Water Stress 
In areas where effective precipitation (i.e., water available to 
the plant) is less than the potential evapotranspiration, plants 
suffer from dehydration of cells and tissues, particularly during the 
growing season. Drought is a meteorological term which Kramer (1983) 
defines as" an absence of rainfall for a period of time long enough 
to result in depletion of soil water and injury to plants". Water 
stress, on the other hand, is stress due to drought. The length of 
time without rain that causes injury depends upon the type of plant, 
the soil characteristics, and other environmental factors. Short-term 
chang e.sin plant water status that occur during the day due to 
transpiration is compensated for at night. However, long-term 
decreases in plant water status occur when plants cannot compensate 
water losses and a slight increase in transpiration reduces plant 
water potential drastically ( Schulze and Hall 1982). 
Plants that can withstand dehydration and survive drought are 
termed xerophytes. Mesophytes, on the other hand, can tolerate 
relatively 11 ttle dehydration without injury to the cells and tissues. 
The commonly used term "drought resistance" (Henckel 1964, Levitt 
1972) is considered uns':ltisfactory and ambiguous, and has been 
replaced by the more suitable term "drought tolerence" (Kramer 1980), 
because plants can only "tolerate" water stress, not "resist" it. 
Several terms have been used in the literature to describe water 
deficits in plants, for example, water stress, drought stress, and 
desiccation stress. For plants that occur in arid areas (where 
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insufficient water is available) the term "drought stress" is used to 
avoid confusion with "water stress", because tne latter term could 
also me4n stress due to excess water. Injury to plants here refers to 
mechanical rupture of protoplasm, degradation of cell membranes, 
protein denaturation, and sometimes mutation (Kramer 1980). 
Desiccation stress implies artificially induced evaporation losses and 
fails to distinguish between cause and effect - i.e., stress and 
strain (Levitt 1980). However, for simplicity and consistency, the 
term "water stress" will be used in this report. 
Plant responses ~ water stress 
Water stress is a normal phenomenon in wildland ecosystems. 
Wildland plants are usually broadly stress-tolerent, and, as opposed 
to agronomic crops, can usually tolerate wide ranges of water stress. 
As water stress increases, plants respond by either acclimation or 
adaptation. 
Acclimation 
Acclimation is a nonheritable phenotypic modification occuring in 
plants due to unfavorable environmental factors. Plants that are 
exposed, over long periods of time, to low plant water potentials, 
high or low temperatures, or low nitrogen and high phosphorous slowly 
become acclimated to drought (Salisbury and Ross 1985). The degree of 
acclimation depends on the plasticity of the species. For example, 
Larrea divarica ta decreases its optimum temperature for photo sys thesis 
by 100c in winter, and thus has greater acclimation than Tidestromia 
oblongifolia which does not adjust to a lower temperature ( Kramer 
1980). 
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Adaptation 
Adaptation, on the other hand, is an inherited ability to adjust 
to dry habitats by developing such characteristics as thick cuticles, 
hairiness, responsive stomata, and extensive root systems resultin 5 
from random mutations (Kramer 1983). In fact, xerophytes may transpire 
as much water as mesophytes if water is not limiting, but xerophytes 
are more adapted to drought conditions by their greater ability to 
restrict rates of water loss and survive if water is limiting. 
Mesophytes are more poorly adapted to reducing water loss during 
drought ( Goor and Barney 1976). Xerophytes are more drought tolerant 
than mesophytes because their protoplasm is more tolerant of 
desiccation, and because their adaptations are more responsive to 
restricting water loss. All plants have evolved adaptations to deal 
with water stress, including morphological, anatomical, and 
physiological adaptations. However, in xerophytes these adaptations 
are developed to respond more resistivity to water stress. Mesophytes, 
usually wildland plants, possess numerous adaptations which plants 
rely on collectively for survival. 
:-1.echanism ~ drought tolerance 
Plants that are exposed to random stresses possess the ability to 
survive and develop by the following mechanisms (Kramer 1980): 
1) Avoiding stress 
2) Postponing stress 
3) Tolerating stress. 
1. Avoiding stress 
Drought escapers or avoiders take advantage of a short period 
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after precipitation to cornple te their life cycle from germination to 
maturity while the soil is moist. The ter11 "avoidance" is preferred 
over the term" escape" (Kramer 1980). These plants are annuals and 
do not suffer the stress. As soon as the stress starts building up, 
these plants set seeds and die. 
2. Postponing stress 
These plants respond to water stress by postponing the stress 
inside the plant. They possess adaptations such as, thick cuticle, 
deep root systems, leaf rolling, and responsive stomata to reduce 
transpiration and increase water absorption to resist or postpone 
stress. Therefore, even when the potential stress outside the plant 
is high, water stress inside the plant is lessened by these 
adaptations. Stress postponment, if continued for longer periods, as 
in the case of a long drought, can be de trim en tal to the plan ts. For 
instance, s tom::i tal closure for longer times inhibits photosynthesis 
( Kramer 19 80). 
3. Tolerating stress 
In this case stress is built up inside the plant. Levitt (1980) 
classifies stress tolerence into the following divisions, based on the 
strain and injury produced by stress. 
Stress tolerance: 
1. Elastic strain avoidance 
2. Elastic strain tolerance 
a. Plastic strain avoidance 
b. Plastic strain tolerance 
In elastic strain avoidance the stress is present but the effect 
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is very low whereas in elastic strain tolerance the effect due to 
strain is present. All higher plants are capable of avoiding elastic 
strain. Levitt (1980) further divides elastic strain tolerence into 
two sub-divisions depending upon the repairibility of tissue lost to 
injury. Plants tolerate elastic strain to avoid plastic strain. A 
wide range of elastic strain tolerance is desirable. Plastic strain 
tolerance depends upon the repairability of injured tissue. 
Thermodynamically, plastic strain is irreversible, but plants tolerate 
plastic strain by repairing the damaged tissues. Plants achieve 
resistance to stress by either avoidance or tolerence which may 
develop at stress level, elastic strain level, or plastic strain 
level. A wide strain range of plastic strain is desirable for stress 
tolerance. However, plants with elastic strain characteristics can 
tolerate considerable water stress and recover when water is 
available. 
Tolerance to dehydration differs from species to species, and 
within species. For ex:ample, sunflowers can tolerate -2 to -2.5 me~a 
pascal ( MPa) of leaf water potential whereas x:erophytes can tolerate 
le'lf water potential as low as -10 MPa. Tolerance usually involves 
the development of low osmotic potenti!il (Morgan 1984). Water 
potential ( l/J) in the plant is given by the following relation: 
ljJ = p + 'TT (1) 
wnere Pis turgor pressure and 'TT is the osmotic potential. To 
tolerate dehydration, plants adjust the osmotic potential by changing 
their solute concentration during de hydration. By changing the 
osmotic potential, plants maintain their turgor pressure at a higher 
level than what otherwise would be due to water stress. 
adjustment occurs better when dehydration is gradual. 
Physiological processes affected by water stress 
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The effects of water stress on plants are very complex. Water 
stress effects vary with plant ecotype and species, environmental 
conditions, and stage of development. However, there are some general 
responses summarized below. 
Growth 
Plant growth is defined as an increase in size and weight of 
plant biomass as a result of cell elongation, synthesis of new cell 
walls and other substances in the cell, and uptake of water. Cell 
elonga Uon is a function of turgidity. Growth includes two phases: 
(1) cell enlargement due to turgor conditions, and ( 2) addition of new 
cells by photosynthesis. Changes in turgor affects both, but most 
directly, turgor reduces cell enlargement. Indirectly, turgor affects 
photosysthesis by causing stomata to close and then reducing gas 
exchange. 
The rate of water movement in to the cell is governed by the water 
potential gradient and the permeability of the root membranes 
(Salisbury and Ross 1985). Water potential inside the cell must be 
more negative than that outside in order for water uptake and growth. 
Plants accomplish this either by increasing the solute concentration 
in the cell, or by decreasing the turgor pressure inside the cell. As 
the cell elongates, turgor pressure drops and water potential 
decreases (Equation 1). Water moves in to the cell in response to the 
more negative water potential and increases the turgor pressure, thus 
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enlarging tne cell if the turgor pressure exceeds the yield point or 
threshold pressure. The relative grow th rate of the cell is given by 
the following relation: 
dinL/dt = m(P-Y) ( 2) 
where (d InL) is an incrernen tal change in natural log of cell size, d t 
is an infinitesimal increment of time, mis wall extensibility, pis 
turgor pressure, and Y is yield point. This expansive growth is 
extremely sensitive to water stress, because if the turgor pressure 
cannot exceed the yield point the growth stops (Salisbury and Ross 
1980). Effects of turgor change cause reduced growth (Hsiao 1973). 
Pho to synthesis 
Water stress affects photosynthesis both by controlling stomatal 
opening, which reduces co2 diffusion into the plant, and by reducing 
the ability of the protoplasm to metabolize. Stomatal opening is 
controlled by light and the amount of water in the plant (turgor). 
Loss of as little as 3 to 5% water (fresh weight basis) may close the 
stoma ta in some species, whereas some species can st.and a loss of 10% 
water before stoma tal closure. Stoma t.al opening is con trolled hrgely 
by the turgor in the guard cells, which is partially controlled by 
enzyme activity. When starch in guard cells is changed to sugar, the 
volume of the cell increases and the stomata open during daylight. At 
night guard cell volume decreases and stomata close. 
The closing of stomata due to the loss of turgor reduces 
photosynthesis ( Iljin 1957). Iljin (1957) cites evidence that a 
15.2% soil moisture reduction caused a decrease first by 19% and then 
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by 50% in photosynthesis rate it1 two-year-old apple trees. At the 
wiltin~ point photosynthesis was reduced oy 85 %. After water was 
applied, photosynthesis recovered completely after a week, but in 
pecan trees it did not recover completely after the water was applied. 
Boyer (1970) noted a decrease in photosynthesis with decreasing tissue 
water potential in several agronomic plant species examined. 
Photosynthesis stopped when tissue water potential was less than -2 
MPa. Photosynthetic rate gradually declines when subjected to water 
stress. However, plant tolerance to maintain photosynthesis may in 
large part depend on the plants ability to maintain the stomatal 
conductance (Bjorkman and Powles 1982). Ability of such desert plants 
as Encelia farinosa to allow stoma tes to partly open during low leaf 
water potential can maintain low, but positive photosynthetic rate 
(Ehleringer and Cook 1984). 
Xerophytes have large numbers of stomata for co2 diffusion, hence 
produce more weight of organic substances per unit of water transpired 
than mesophytes. They also have a higher water-use efficiency rate. 
Stomata in some plants are insensitive to mild water stress, but some 
xerophytes have stomata partly open even at -5.0 MPa permitting 
substantial transpiration and co2 assimilation ( Hsiao 1973). Nobel 
and Jordan (1983) examined C3, c4 , and CAM plants (cool season, warm 
season, and desert plan ts respectively ) to determine the transpiration 
rates, water storage capacity, and the length of time that stored 
water can support transpiration. They found that the C3 plant 
(Encelia farinosa) transpired 25 fold higher than the CAM plant (Agavi 
deserti), and the total biomass of plant tissue produced per unit 
weight of water transpired (wet weight) per unit leaf area in the c3 
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plant was only 2.s kg/m2, but was 10. 3 k g /m2 for the CAM plant. This 
indicates that desert plants have rnech'inisms adapted to lower 
transpiration loss and yet still produce high biomass. Some plants 
increase their water stress tolerance by recycling COz produced during 
photorespira tion. 
Respiration 
All of the biosynthetic, and other activities of the cell require 
energy. This energy is supplied by a molecule of "adenosine 
triphosphate" (ATP). Respiration is defined as the "means by which 
the energy of carbohydrates is transferred to ATP - the energy carrier 
molecule". Respiration is the chief source of energy in most cells. 
Water stress affects the respiration process. Brix (1962) noticed 
that dark respiration declined at mild stress, increased with 
increased stress and finally declined again at severe stress. Ilj in 
(1957) observed increases in respiration in apple trees as high as 
162 % of the control when water was withheld, but declined when water 
was added. Le:ives of Pinus nigra austriaca also showed high 
respiration under dry conditions. Levitt (1980) describes decreases 
in respiration during dehydration as due to decrease in intercellular 
space caused by loss of turgor. This loss of the gas-transloca ting 
system then reduces the rate of gas exchange and the respiration rate. 
The rise in respiration rate in some plants at certain level of 
dehydration could t>e due to the increased concentration of enzymes and 
substrates. However, with further dehydration the limiting factor for 
respiration would be gas diffusion. In extremely dehydrated eel 1 s, 
the diffusion of substrate and product would be retarded by increased 
viscosity that leads to further decline in respiration rate. There is 
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a decrease in respiration rate in the beginning of stress cycle due to 
closure of stoma ta. 
Transpiration 
The phygical process by which liquid is transferred to gaseous 
state is called "evaporation". Evaporation of water that has passed 
through the plant, entering at the roots and ex:iting into tne 
atmosphere through stomates or cuticles, is called "transpiration". 
Transptra tion occurs because of the tremendous water potential 
gradient that exists between the leaf and atmospheric air, when the 
stomates are open for photosynthesis. Plants require very large 
amounts of water, but only about 1% of total water uptake is actually 
used in metablic activities and about 90% is lost as transpiration. 
An actively growing plant uses 5-10 times as much water as it can hold 
ata time, on.a daily basis (Rosenberg etal. 1983). 
Transpiration maintains the leaf temperature, which is probably 
the most importaa t physical effect of transpiration. Transpiration 1s 
also important in transportation of important nutrients from the soil 
to the plant tissues. Reduced transpiration shows a reduction in 
growth. Transpiration 1s computed as following: (Farquhar and Sharkey 
1982). 
where Ts is the transpiration rate (m moles.m-2.s-l, es is the 
saturated vapor pressure inside the leaf at the leaf temperature 
(bars), ea is the vapor pressure of the ambient air (bars), g1 is the 
conductance (m moles.m-2.s-l) i.e. the sum of the reciprocals of 
55 
stomatal resistance and boundary resistance, and Pis atmospheric 
pressure (bars). 
Usually, transpiration r:ite is reflected oy the resistance to 
vapor move,nent from the leaf to the open air. As vapor pressure 
deficits increase in the open air, transpiration also increases. But, 
when water deficits occur within the plant, anri stomal closure occurs, 
the resistance to vapor pressure increases and transpiration 
decreases. 
Plants have developed a number of adaptations that limit 
transpiration, but this reduces the supply of COz• Loss of water by 
transpiration and co2 uptake for photosynthesis are inextricably bound 
together. 
Transpiration becomes important in dry areas due to lack of 
adequate water supply from the soil. Reduction in trans pi ration 
reduces the growth and productivity of the plant. Water stress in the 
initial stage of growth of the plant causes significant reduction in 
the plant functioning. 
Kaufmann (1979) observed that xylem pressure potential and 
transpiration flux density in Engelmann spruce (Picea englemann) 
seedlings declined with soil drying. Needle conductance decreased 
with an increase in the absolute humidity difference between leaf 
and air, and conductances varied with the season for the same humidity 
differences. A xylem pressure potential of -1.S HPa and -1.9 MPa had 
no effect on conductance in August but affected stomatal closure in 
Sep tem o~r. Therefore, evaporative demand had little effect on 
transpiration flux density. Generally, however, the responses of 
Engelmann spruce are not reflective of all plant species. 
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Thus, increases in vapor pressure ~radient do not always increase 
transpiration, which may be beneficial for species such as Engelmann 
spruce for reforestation in dry areas. 
Generally, stomatal conductance decreases as leaf water potential 
decreases. However, evidence also exists tnat stomatal conductance in 
some species declines as leaf-air vapor gradient increases. Ludlow 
and Ibaraki (1979) showed that the stomata of Siratro (Macroptilium 
atropurpureum) a pasture legume grown in semi-arid areas of north-
eastern Australia, closed partially in response to decreasing 
humidity and decreasing leaf water potential. Although such species 
have low drought tolerance, they also have greater drought avoidance. 
Species with high conductance respond more to leaf-air vapor 
gradient than those with low conductance. Some desert species such as 
Prunus armeniaca have more sensitive stomata to leaf-air vapor 
gradient when under water stress. However, some plants do not show 
response to humidity (Ludlow 1980). 
Other metabolic processes 
Water stress also affects numerous metabolic processes in plan ts. 
Water stress causes serious damage to nitrogen metabolism. Protein 
synthesis is inhibited and breakdown of protein is enhanced with 
stress. Desiccation causes the destruction of protein molecules and 
cells are injured or killed. Dehydration and overheating cause 
hydrolysis of protein to amino acids, and ammonia may increase to 
todc amounts ( Iljin 1957). Water stress also causes degradation of 
enzymes, and growth promoters decrease and retardants increase. 
Hydrolytic reactions dominate synthetic reactions. Hsiao (1973) 
indicates that mild stress represents normal response in plants 
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rather than darnage. Thus, stress effects are indirect wherein the 
effect of turgor change causes reduced growth and may affect 
specialized ion transport in higher plants. Chu and McPherson (1977) 
;:ilso observed that leaf extension rate is sensitive to mild stress, 
but this sensitivity decreases with further desiccation. 
Precipitation and Soil Moisture Recharge 
Precipitation in Mustang is so limited that it is either entirely 
used by the pl;:ints or evaporated from the surface, and only a very 
small amount of water percolates through the root zone. Both 
evaporation, due to high winds and radiation, and extraction by plan ts 
:tre rapid and hence a dry condition almost always exists. However, 
the seasonal variation of soil moisture recharge that maintains a 
favorable moisture condition for a short period is very important for 
desert plants. A slight shift in the time and amount of precipitation 
could significantly influence plant growth the following season. An 
understanding of soil moisture recharge is thus irnport:tnt in 
revege ta tion of dry areas of Mus tang. 
Cable (1980) studied the seasonal pattern of soil water recharge 
and seasonal pattern of water extraction by plants in semi-desert 
ranges of the wes tera. U.S. He showed that the difference in depth of 
wettia.g between. warm and cool season precipitation was highest for 
bare soil and lowest for soil covered by tanglehead (Heteropogon 
contortus). Innis study area winter r,:iinfall intensity was lower 
than the infiltration capacity of the soil, and therefore the moisture 
penetrated deeper and lasted longer. On the contrary, summer rainfall 
intensity was higher than the infiltration capacity, and despite 
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higher precipitation in sum'!ler, moisture penetration was less. 
How much soil water recharge occurs depends on tne soil texture 
and vegetation cover. Vegetation cover increases the infiltration 
capacity, and at the same time, decreases evaporation loss. Soils 
with fibrous rooted plants absorb 127% more water than soils with 
taprooted plants which absorb only 52% more water than barren plots 
(Pearce and Sa'!luel 1936). Summer recharge of bare soil was only 1/3 
of that of vegetated soil in their study. 
Fine textured soil holds more moisture than coarse textured 
soils. However, the moisture available to plants could be greater in 
coarse textured soils because their soil water potential is higher 
(less negative) at lower moisture content than in fine textured soils. 
Hence, desert plants tend to grow better in sandy soil than in clayey 
soils in arid environments where precipitation is limited. Water 
extraction by plants takes place at shallow depths first and 
progresses downward gradually. However, this depends on the type of 
roots and their distribution. For example, Cable's (1980) study shows 
that the soil water recharge was limited to the upper 25 cm in a 
precipitation-deficient year and 80% of evapotranspira tion ( ET) from 
both bare and vegetated soil came from 25 cm depth of soil. In a dry 
area, where supply and deposition of available soil water limits plant 
growth, Gable (1980) suggests that the only way to reduce the loss of 
the limited moisture is to use it for plant growth when moisture is 
available. 
Gable (1969) points out that moisture penetration depends on tne 
character of the storm and the amount of precipitation. Flue tua tion 
in soil moisture decreases as soil depth increases. When the soil has 
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limited moisture for a short period, growing pl:ints not only make use 
of the moisture, but also provide shade to reduce the temperature :ind 
air movement at the surface, whicn in turn reduces the e11aporati11e 
loss. The most effective way to do this is to maintain 'l cover of 
perennial grass during summer, which reduces the high evaporative loss 
of summer. 
Vegetated soil recharge is almost the same both in summer and 
winter. One important fact is that there is no carryover moisture 
from one rainy season to another in arid and semi-arid conditions. 
The moisture either e11apora tes or is used up by plan ts. But, the 
depletion differs from species to species, and some species eictract 
more tnan others. The thrust of Cable's (1980) eicperiment is that 
vegetative cover and litter increase the effectiveness of summer 
precipitation far more than ,iddi tional precipitation. But bare soil 
loses less water than vegetated soil. The soil water depletion in 
vegetated soil is due to both evaporation and transpiration. The 
transpiration differences between species is not only due to the 
difference in their transpiration requirement but also due to the 
depth and type of roots. 
Kaufmann (1985) compared the aanual tr,inspira tion for Engelmann 
spruce, subalpine fir, lodgepole pine and aspen and found that 
transpiration is highest for Engelmann spruce and least for aspen. 
Bro111n and Thompson ( 1965) and Johns ton ( 1970) found that water use per 
day during the growing season was greatest on aspen sites and least 
on grass sites. Cable (1969) explains that high evaporation rates 
during the summer growing season is the reason for different moisture 
extraction rates between different species, whereas during the winter-
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spring growing sea son forbs extracted water faster than pe rennia 1 
grass. He concluded that tne roots of <1nnual grasses are 
concentrated in the upper 25 cm of soil whereas perennial grass roots 
go a s deep a s 6 O cm or dee per. Tap r o o ts o f for b s may ex tend m u ch 
deeper than grass roots. Species selected for revege ta tion therefore 
should have the ability to extract water from deeper soil layers. 
One of the advantages that perennial plants have over annual 
plants is well established root systems to extract water from the 
beginning of the growing season. Annuals start from seed, during 
which time most of the soil water is lost to evaporation. Competition 
between perennials and annuals for moisture in the summer season thus 
will favor the perennials. A cool season species thus will not only 
make u s e of winter moisture but also survive summer drought (Cable 
1969). 
Wind Effect on Plant Growth 
Wind plays a vital role in the growth, reproduction, distribution 
and grow th cha rac teri s tics of plan ts, specifically the surface wind 
that moves below 10 m above the surface (Nobel 1981). Wind is 
influenced by the surface roughness, topography, and vegetation on the 
ground, and its velocity approches zero near the surface (Grace 
1977). Sutton (1953) has divided the wind into three hyers: (1) the 
laminar sublayer which is a thin film of air immediately above the 
ground surface, ( 2) the turbulent surface layer, which can ex tend up 
to 50-100 m above soil surface, and is dominated by eddies, and (3) 
the planetary boundary layer which envelops the surface layer and 
extends as high as 1 km above the surface. This latter layer is a 
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transitional layer between the eddyin~ motion layer and the free 
~ tmosphere. Generally, a wind speed of up to 3.4 to 5.4 m/s is 
defined as a gentle breeze where leaves remain in constant motion, 
whereas a speed more than 13.9 to 17.1 m/s is termed a near gale. A 
speed of more than 17.2 m/s impedes plant growth ( Grace 1977). 
However these limits vary from place to place and its effects on 
plan ts depend on specific locations and types and species of plan ts. 
Wind affects the plant both directly and indirectly. The direct 
effect of wind is abrasion and mechanical injury. Leaves in windy 
conditions rub against each other and abrasion occurs. Sand particles 
blown by high speed wind hit the leaves causing abrasion. Thompson 
(197 4) noticed that the wax s true ture was altered and epidermal cells 
wall broken when leaves of Festuca arundinaceae were e>eposed to a 
wind tunnel. This damage to epidermal cells is irrepairable (Gr'!ce 
1977). Indirectly, wind causes damage to plan ts by increasing rates 
of water loss, hence enhancing the rate of water stress. 
Effect~ temperature 
At high altitudes microclima te becomes very important for plant 
growth. The temperature and humidity of the laminar sublayer parallel 
to the leaf becomes especially important for small plan ts because heat 
flu>e e>echange between the soil surface and air takes place in this 
layer. During the day this layer becomes warm first, and other layers 
above this become warm as the day progresses. Eddying motion of the 
turbulent surface layer mixes the warm layer with the cold air and 
des troys the favorable layer. Wilson (1959) found that the difference 
between air and leaf temperature 1 cm above the ground was greater on 
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a calm day than on a windy day. Differences in temperature between 1 
cm and 100 cm above the ground were 1.1° C on windy days and 4.1° C on 
calm days. 
Ef feet ~ evaporation 
Broadly speaking evaporation is a function of available energy 
and the vapor pressure gradient of the air. Available energy (radiant 
energy) is higher at higher elevations. The v:ipor pressure gndien t 
is independent of wind, but as the saturation deficit increases, the 
effect of wind on evaporation increases rapidly. Wind speed also 
changes evaporation rate (Wilson 1959). 
Effect ~ transpiration 
The boundary layer of dead air around leaves and stems affects 
heat exchange between the plant and the surrounding air. 
Physiological processes generally take place within a certain nnge of 
temperatures, hence different plant species are found in different 
temperature regimes. Any biochemical reaction that is temperature 
dependent is affected by the boundary layer tern pera ture. Air is a 
relatively poor conductor of beat. Therefore, a thick boundary layer 
will maintain a warmer leaf than the surrounding air. 
Heat conduction across the boundary layer takes place by the 
thermal collision of gas molecules. Heat convection, on the other 
hand, takes place by turbulent rnovemen t of the air. In a calm 
condition, free convection occurs, whereas in windy conditions forced 
convection takes place. As wind speed increases, beat is dissipated 
more rapidly (Nobel 1983). 
The ef feet of wind on transpiration seems contradictory. Bo th 
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incre!lses !ind decreases in transpiration with increased r,1ind speed 
na1Te been indicated in the liter:iture (Gnce 1977). If leaf 
temperature and radiation lo!id are low, increased wind speed increases 
transpiration. On the other hand, if radiation load and leaf 
resistance a re high, wind decre-'l ses the transpiration. Apparently 
higher leaf temperatures at high radiation loads tend to increase 
transpiration, but wind cools the leaf and reduces transpiration 
(Salisbury and Ross 1985). 
Whitehead and Luti (1962) subjected ~ mays seedlings to 33 mph 
wind for 40 days. They found that the treated plan ts were more 
sturdy, shorter, h-'lving a thicker stem and shorter, broader, and 
thicker leaves. There were many more large vessels in the treated 
plants. Phloem elements were almost twice as large in diameter and 
the number of fibers in the bundles was three times as large. They 
also found that there was a significant difference in transpiration 
rate per unit area between control and treated plants which they 
related to the morphological changes caused by the wind. The aver-'lge 
transpiration rates for control and treated plants were 2.6 and 2.2 
mg/cm2/hr, respectively. The retardation of stem elongation and 
increase in leaf thickness is due to the development of shorter cells 
and thicker cell walls (Nobel 1983). Whitehead (1962) noted that the 
effects of wind do not appear to operate in -'l linear manner. The 
effect is relatively small at lower wind speeds and higher at higher 
wind speeds. He noticed a considerable -'lna tom ical and morphological 
difference in treated plants compared to controls. The advantage of 
these changes is economical water use. Plant becomes smaller due to 
the development of a smaller leaf area and not by reduction of 
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photosynthesis. There is also~ reduction in internode distance. 
Since photo syn thesis rate is unaf fee ted, these changes have positive 
effects as far as plant water relations concerned. However, 
photosynthetic and transpiration rates have different response to wind 
speed ( Grace 1977). In Alnus spp. transpiration rate went up and 
photosynthesis declined with increase in wind speed. In Pinus cembra 
the opposite was true. In Rhododendron both rates dropped but 
photosynthesis became zero at 15 m/ s wind whereas transpiration was 
still high (Grace 1977). 
Relative growth rate rises with low wind speed and falls when 
wind speed is increased. The variation in plant growth caused by wind 
speed is not great when compared with that caused by other climatic 
conditions (Wadsworth 1959). Wadsworth (1959) used different wind 
speeds of up to 12 m/ s at 1 m above the ground surhce and found that 
the optimum wind speed favouring plant growth was 0.3 m/s • 
Wilson and Wadsworth (1958) noted that CO2 uptake was increased 
by increases in wind speed at the highest velocity examined. At low 
speed the rate of CO2 uptake was linearly related to wind speed. 
This seems to contradict the results obtained by others where wind 
speed actually reduced plant growth. Plants tend to be short and 
stunted grown under high winds (Jaffe 1980). In high wind conditions 
tree branches occur mainly to the leeward of the tree, due to hormonal 
responses (Jaffe 1982). There is also a mechanical affect of 
abrasion. 
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Salinity Problem 
One of the major problems with arid lands is the build-up of 
salinity in the soil. Not all arid-land soils are saline, but 
salinity develops under arid conditions. In arid regions, total 
annual precipitation is less than the potential evapotranspira tion, 
and as a result dissolved salts in the soil moisture move up througtl 
the soil by capillary action. Soil surface water evaporates leaving 
salt accumulation. Precipitation in humid areas is more than the 
potential evapotranspira tion and therefore leaches the salts down to 
the ground water as soon as they are formed (Jurinak 1981). In arid 
regions this only happens under irrigation. 
Salinity is considered to be an agricultural problem caused by 
use of low quality water for irrigation. Therefore, research has 
been directed toward reclaiming soil that is salt-affected so that it 
will be suitable for agriculture after reclamation (Boyko 1966, 
Chapman 1975). The study of salinity is vitally important to ennance 
production of food for an ever increasing human population. 
A saline soil is dominated primarily by sodium chloride, but also 
may include sodium carbonate, sodium sulphate and salts of magnesium 
(Boyko 1966). Saline soil con ta ins excessive concentrations of 
soluble salts and/or exchangeable sodium. 
Based on the amount of soluble salts (measured in electrical 
conductivity or EC) and exchangeable sodium, salt affected soil is 
classified as either: (1) saline soil; (2) alkali soil; or (3) saline-
alkali soil (Jurinak 1981). 
Salt accumulation could occur from excess evapotranspin tion or 
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otber sources of salts. Some soils naturally contain salts derived 
from parent materials. Others have natural salt deposits ( Carter 
1975). These salts could be millions of years old trapped from the 
ocean water in geolo~ic time (Donahue et al. 1977). 
Whatever the sources of salts, their presence in tbe soil creates 
a solute potential in the soil water system. This solute potential 
added to the matric potential of the soil particles comprises the 
total soil water potential. The lower the water potential, the 
greater the force tbat the plant has to exert in order to extract 
water from the soil. The ability of plants to extract water at lower 
water potential varies from species to species. In a relatively dry 
condition, osmotic adjustment is intensified due to higber 
concentration of soluble salts in the soil solution ( Walsh 1979). 
Effect~ salinity ~ plant growth 
Salinity affects many aspects of plant metabolism and causes 
changes in plant anatomy and morphology. These changes eventually 
increase plant resistance to stress imposed by salinity, but may be 
considered to be signs of damage and disruption of normal life process 
(Poljakoff-Mayber 1975). Plants in saline conditions usually show a 
reduction in photosynthesis, and as salinity increases, pbotosynthesis 
decreases and root respiration increases. Reduction in pbotosynthesis 
under saline conditions has been reported for many plants (Walsh 1979) 
which could be due to toxic ef feet, or interference with up take of 
other nutrients. Under high concentration, salts reduce o smotic 
potential of soil solution. 
Salinity affects plan ts by inhibiting different processes and 
affecting structures such as growth, leaf anatomy, microscopic and 
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submicrocoscopic structure of leaf cells, stem structure, root 
structure, transpiration, photosynthesis, respiration, water movement, 
and others. 
The structural changes induced by salinity may include the 
following ( Waisel 1972): 
-increase in succulance 
-change in size and number of stoma ta 
-thickening of cutical 
-change in the diameter and number of >eylem vessels 
-earlier occurence of lignification. 
Effect ~ salinity ~ photo syn thesis and respiration 
In general, salinity decreases photosynthesis in most plants. 
Halophy tes are those plan ts that can tolerate salinity, but they al so 
tend to have increased photosynthesis at lower concentrations of 
salts. However, decreases in photosynthesis may vary greatly in 
different plants species (Poljakoff-:1ayber and Gale 1975). 
Photosynthesis is usually expressed in terms of gas exchange per unit 
l e af area, and under saline conditions leaf elongation is reduced, 
thus reducing the total leaf area of the plant. Therefore under 
salinity conditions total photo syn thesis is reduced. 
Salinity, on the other hand, increases respiration which 
constitutes a major factor in reduced CO2 fixation. Reduced CO2 
fix:a tion is compounded by reduced leaf area which is responsible for 
retarded grow th. 
Grace (1977) found that salinity reduces stornatal !iperture in 
plants, which interferes with co2 diffusion and thus photosynthesis 
decreases. 
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It was also noticed that at higher altitudes the 
atmospheric pressure falls and the partial pressure of water vapor and 
CO2 decreases. Therefore, salinity in the soil combined with 
extremely high elevations, such as occur in the grazing pastures of 
Mustang, act to reduce photosynthesis by both a reduction in stomatal 
aperture and reduced COz concentration (Gale 1972). 
Walsh and Skujins (1981) found that salinity decreased the 
nitrogen fixing capacity of sweet clover and vetch plant even when 
water was not limiting. Sweet clover had little nitrogen fixing 
capacity after two drying cycles, whereas vetch plants lost most of it 
after five cycles. Plants grown in saline conditions decreased 
nitrogen fixing capacity after wetting and drying cycles regardless 
of salinity level. Hence, the Nz fixing ability of plants decreases 
in drought conditions if salts are presen~ 
In saline soils phosphorous plays an active role in enhancing 
plant growth (Ravikovitch and Navrot 1972). Soluble salts in soils 
can increase or decrease phosphorous uptake. Ferguson and Hedlin 
(1 9 63) noted that phosphorous uptake by barley increased \.lith 
increases in salt concentration, but reduced when electrical 
conductivity was equal to 6 mmhos. 
Ravikovitch and Navrot (1972) studied the effect of temperature 
on phosphorous availability. Soil temperature nad significant effects 
on plant growth in both saline and non-saline soils, but the effect 
occasionally differed in the two soils studied. Plant growth was 
better in soils where phosphorous was applied, but greater phosphorous 
activity was noticed in saline conditions. A combination of optimum 
nitrogen, phosphorous, and soil temperature enhanced plant growth in 
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saline conditions. However, if EC is greater tnan 6 m'Ilhos, phosphorous 
availability declined (Ferguson and Hedlin 1963). Phosphorous release 
was less at 2.70c than at -20.soc, and less at 160C than at 3zoc. 
Shomar et al. (1979) found that treatments of salinity increased 
the effect of added N03• Salinity had a negative effect on protein 
synthesis which eventu'3lly stunted growth. Some plants can tolerate 
higher salt concentration at lower root zones if the upper root zone 
is relatively salt free. Alfalfa can be grown without leaching as 
long as the upper part of the root zone has lower salinity. As soon 
as the upper part of the root zone increases in salt concentration, 
yield reduces drastically (Francois 1981). 
Electrical conductivity (EC) of the soil solution changes with 
temperature. The average temperature coefficient of conductivity is 
2.02% for each degree centigrade over the range of 1s-35oc (Campbell 
et al. 1948). This coefficient is reduced at lower temperatures and 
greater at higher temperatures. Osmotic potential as a function of EC 
is given by the relation, 
:µrr = 0.36 * EC. ( 4) 
where tlJrr is osmotic potential. 
Thus osmotic potential tends to be lower at lower temperatures 
for the same salt concentration (Campbell et al. 1948). Low 
temperatures in Mustang might be helpful in keeping the OP lower. 
Northern slope aspects also may have lower OP compared to southern 
slope aspects. 
In wildland situations some native plants are adapted to salt 
prot>lem s, and plan ts that are sensitive to salt do not appear. In 
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wildland areas where salt problems exist, vegetation is sparse, 
leaving more open ground for arosion. 
Salinity has considerable effects on the physical properties of 
the soil al so. Soil becomes impermeable to water and air, and 
hydraulic cond uc tivi ty becomes negligible. Soil becomes plastic when 
wet and very hard when dry. This deterioration is due to dispersion 
and swelling of clay minerals. Dispersed soil particles clog the 
pores and swelling reduces the pore size. Both of these effetcs 
reduce hydraulic conductivity (Jurinak 1981). In such conditions, a 
short duration rainfall might produce enough runoff to erode the soil. 
Salt affected soil has low water holding capacity (Leffelaar and 
Sharma 19 77) • 
Interrelations Among Climatic Fae tors 
Each of the factors mentioned above such as water stress, low 
temperature, salinity, and wind have individual and combined stress 
effects upon plants. Seldom do individual environmental factors act 
individually in plants. Water stress, for example, almost always is a 
combination of factors compounding upon each other. The lack of soil 
water availability alone is seldom a lethal factor; but when combined 
with wind, a steepened vapor pressure gradient, elevated temperature, 
and increased solar radiation, the chances for physiological damages 
or death are greaUy increased. The interrelationships among these 
factors as well as with plant processes is very strong and complex. 
Vapor pressure deficits (difference between the saturated vapor 
pressure and the actual vapor pressure) determine the drying power of 
the air and hence affect transpiration. Saturation vapor pressure 
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increases exponentially with increases in temperature. A sli~ht 
increase in temperature increases vapor pressure deficits with a 
greater "Oagni tude, and hence plants transpire more. Soil temperature 
fluctuation depends on vegetative cover and the moisture content of 
the soil. Soil temperature fluctuation is less in moist and vegetated 
soil, and more in dry bare soil. 
The growing season in Mustang is about 60-90 days long due to 
cold temperature. During this period if water stress is high, the 
growing season may even be shorter. Even if water is supplied by 
artificial means, or a site is selected where water is availat>le, 
plan ts rnay not grow well if the temperature falls below the required 
limit for optimum physiological activity of a given species. 
Wind decreaes leaf surface temperatures and the resistance of the 
boundary layer of the dead air around the leaf surface thereby 
increasing the transpiration rate. However, at higher wind speeds 
transpiration declines. Photosynthesis also declines at higher wind 
speed due to closure of stoma ta. However, evaporation loss from the 
soil surface inceases as wind speed increases. If the temperature and 
moisture are relatively favorable, as happens during the spring 
season, stress due to wind may limit plant growth. 
Wildland soils are normally poor in available nutrients. Cushion 
plants with deep root systems may minimize water and wind stresses, 
but they are subjected to stress due to elevated salt concentrations 
in the soil. Salinity that affects soil physical properties and soil 
water relationships may also affect the young seedlings which 
otherwise could avoid or tolerate other stresses. 
Such plant stresses as those caused by water deficits are further 
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compounded in areas of high soil salinity or poor soil water holding 
capacity. Where the wind has removed the fine textured fragments of 
soil as the result of overgr'izing, surface water retention is lowered 
and soil surface temperatures are more variable. In such locations 
the reestablishment of plants is particularly difficult. 
Overgrazing 
Overgrazing is a relative term. The literature uses terms such 
as heavy, intense, or overgrazing, each indicating the relationship 
between grazing animals and net primary productivity of the 
vegetation. The effect of grazing animals on net primary productivity 
is probably complicated because the consumption of some vegetation 
often stimulates plant productivity, but beyond a critical level 
productivity declines (McNaughton and Wolf 1979). The optimum grazing 
intensity depends upon the type of animal, plan ts being grazed, grow th 
stage of the plants (young vs mature), time of year, and the frequency 
of grazing. Even a grazing tolerant plant species may be under severe 
defoliation stress if it is grazed frequently at a very early stage of 
growth. Similarly, the same plant species grazed by different animals 
could have different defoliation impacts. In essence, overgrazing may 
be an ambiguous term unless such variables as plant ability to 
recover and grazing pressure are defined. But, regardless of the type 
of vegetation and animals, overgrazing implies that animal consumption 
exceeds the ability of the plants to recover and complete their normal 
cycle of grow th and reproduction. 
Overgrazing has at least two major disadvantages: (1) it lowers 
net primary productivity of the vegetation, and ( 2) it exposes surface 
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soils to increased rates of erosion due to wind and water. These 
erosive activities deteriorate soil quality and increase the chances 
for plant mortality due to water stress. 
Degradation of soil and vegetation caused by grazing in 
Afganistan and parts of Iran has reached a point where hills are 
covered with network of livestock paths (Breckle 1983). 
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MUSTANG COMPARED WITH NEIGHBOURING TIBET 
Since there is little information avail'lble as to what species 
are av'lilable in Mustang, particularly in the northern part of the 
district, an inference can be drawn regarding potential plant species 
from the neighbouring southern part of Tibet which h'ls nany 
similarities with Mustang. Walter and Bo>e (1983) describe the Hi g h 
Tibetan area as very cold and hostile to life in general. Mean annual 
temperature is -soc, the July mean temperature is aoc, and daily 
temperature variation is 370c. The average wind speed is 15 m/sec and 
the precipitation in some places is only 500 mm. Southern Tibet is a 
longitudinal valley be tween the high mountains of the Himalayas and 
those of the trans-Himalaya, which drains to Brahmaputra, Indus and 
tributaries of the Ganges river. Rocky slopes and rubble-stream 
valleys dominate the area and the soils are shallow. 
Vegetation is sparse with large underground storage organs and 
small above-ground shoots, usually in the form of cushions. The 
plants are of Central Asian Desert species, Asian temperate species, 
and specially Himalayan mountain species. Some of these species 
include: Populas ~' K· cathayana, Ulmus pumila, Corylus 
heterophylla, Prunus ~, O>eytropis aciphylla, Astragallus tibeticus, 
Thermopsis alpina, Artemisia salsoloides, Sophora viciifoloa, 
Lonicera spinasa, Berberis spp., Caragana spp., ~ sericea, Sali>e 
spp. Ephedra spp. Some of these species have been mentioned in Aprosc 
(1979). 
Describing the same region as the Outer Plateau, Ward (1935) 
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describes the average 111 ti tude as 4850 Ill and the residential areas 
occuring be tween 3636 m to 4242 Ill, and the clillla te 1s continental. 
Tbe Outer Plateau is forestless. Trees are found in cultivated 
v11lleys and w11ter courses. Though woody vegetation 1s rare, the high 
alpine flora is fairly rich. Two types of distinct terrain are found: 
(1) Grass land and (2) Gravel land. Precipitation is low and the 
winter is severe. The growing season is short. Forest is confined to 
the valleys and higher ranges of li!llestone mountains. Meconopsis, 
Primula, Gentiana are known genera that occur here. 
Breckle (1983) suspects that natural stabilization appears to 
improve due to many varities of shrubs, subshrubs and annuals in semi-
desert parts of Afganistan. The use of native species for 
reveget a tion might lead to safer, faster and cheaper results in 
recla!llation. Many plants were noticed at sites where water is 
available and the wind is less severe above 4000 Ill elevation in semi-
desert condition. 
The southern part of Tibet has !llany si!llilarities with Mustang. 
If tbe plant species found in Tibet are also 11vai111ble in Mustang, 
which is likely, revege ta tion could be more efficient and safe. 
However, if they 'lre not available, they can be introduced without 
great risk. 
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RECLAMATION OF COAL MINED LAND IN THE US 
'1any of the mineral deposits in the U.S. are located in the 
western semi-arid, Northern Great Plains. Most of the land in the 
western United States is primarily used for dryland farming and 
grazing. Also some areas are used for wildlife habitat and 
recreation. Older mining operations did not receive as much attention 
for reclamation as more recent mines. However, with the increasing 
use of coal in power plants and industries, thousands of hectares are 
being mined annually (Power et al. 1978). 
For an economically and technologically advanced country like the 
U.S. the value of reclaimed mine land is not as important as it would 
be to a poor country. The value is primarily for erosion control and 
watershed protection. However, the water quality downstream from the 
mined area, environmental quality, and the value of natural resources 
are important. 
The impact of mining on soil, water and plants, and other natural 
resources has become a major concern of land managers. Surface mining 
disturbs the land by removing the vegetation, bringing up toxic 
material from the lower strata to the surface, and t>y burying the 
topsoil. The most important point is the loss of topsoil and the 
exposure of toxic materials. Revege ta tion of such disturbed land in 
the western U.S. poses more difficulties than revegetation of other 
sites if there are toxic materials. However, there has been 
substantial increases in the knowled~e of and success in revegetation 
in the last few years (Aldon and Oaks 1982). 
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There are some similarities between drastically disturbed lands 
by mining in the western US and problems in Mustang. Although it is 
uncertain that US experiences in revegetating mine spoils are entirely 
applicable to Mustang, problems encountered in revegetating mined 
hnds can be compared with the problems in Mustang. 
Annual precipitation in western US mining areas ranges fro'll 200 
mm to 400 mm. Most of the areas have short growing seasons and cold 
winters with hot summers. Vegetation is sparse. Although many 
characteristics of the soils are different from site to site and mine 
to mine, there are some similarities among all mine spoils. Most are 
neutral to alkaline in reaction, contain Ca ( usually in the form of 
CaC03) and soluble salts of Ca, Mg, Na, S04 and others. Spoils may be 
low in nitrogen and phosphoro~s, and teic ture varies from clay to sand. 
(Power et al.1978). 
Some of the rn ined land reclarna tion techniques developed by 
scientists in the US can be applied to revege ta te the denuded 
watersheds at higher elevations in semiarid and cold regions like 
Mustang. Some of the techniques, such as grading and shaping to 
conserve moisture (Verma and Thames 1978) may not be feasible due to 
the size and the remoteness of the watersheds as well as the cost 
involved in Mus tang. 
In Mustang however, disturbance is caused not by mining 
activities, but other human activities such as grazing for long 
periods of time where the number of animals is greater than the 
carrying capacity of the land, firewood collection and timber 
harvesting. In hum id areas the adverse effect of tnese activities may 
not be obvious in a short period. In arid and semiarid areas where 
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precipitation is not in excess of potential evapotr'lnspiration the 
disturbance becomes noticable. Some of the similarities between 
disturbances caused by mining activities and the disturbances caused 
by irrational use of the land over a period of time are loss of 
topsoil, loss of native vegetation, and loss of essentic1l elements 
needed for microbial activity (Miller et al. 1985). 
Revegeta tion of desertified land thus becomes relatively easier 
than mined lands because the toxic material problem is not as 
important. The process of desertification mainly brought about by 
human activity is becoming more and more evident in Nepal. Even areas 
receiving enough precipitation such as Okhald hunga, Sarlahi, 
Mohottari, and the Salyan districts have started showing signs of 
desertification. Revege ta tion of these denuded areas is the primary 
means of achieving erosion control and rehabili ta tioa of watersheds. 
Revegetation of subhumid areas does not pose any difficulty except for 
protection from grazing, but revegetation of high altitude regions 
such as Mustang becomes difficult due to climate, soils, and plant 
e1daptation (Brown and Johnston 1979). 
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REVEGETATION OF DISTURBED LANDS IN THE US 
Revegetation of high altitude areas in the United States has been 
primarily focused on lands disturbed by mining operations. 
Disturbance caused by mining alone in the West totals more than 
980,000 hectares (Dvorak 1984), however, these :ireas are widely 
distributed. Techniques developed for revegetation include 
topsoiling, grading and shaping, ripping, liming acid soils, 
fertilizing, and mulching. 
Even a small increase in ground cover in disturbed areas can 
result in substantial reduction in runoff and soil erosion ( Mei man 
1974). In revegetating high altitude areas, species selected should 
reflect long term land use objectives, knowledge of growth 
characterstics, longevity, reproduction potential and other 
characteristics associated with each species. If the invasion of 
woody species is desired, as it would be desirable in sorne ares of 
Mustang, seeding should be done with a fast growing ground cover (Berg 
1974). However, adapted native species should be used for seeding. 
For successful revegetation in high altitude zones the plants must be 
perennial and environmentally adapted (Earnan 1974). Brown (1974) 
recommends the following species of grasses and trees for high 
altitude revege ta tion in western US. 
Grasses, forbs and shrubs: Festuca ovina , .!!. rubra, Trifolium spp., 
Dactylis glornerata, Alopecurus pratensis, Bromus inermis, Phleum 
pra tense. 
Trees: Picea engelmannii, Pinus contorta, Populus grandidentata, 
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Juniperus oxidentalis 
Introduction of exotic species should be carefully evaluated in 
relation to ecological problern s and restoring the environrnen t that has 
been changed by the disturbance. These considerations include soil-
plant relationships, diversity, '1l ineral cycles, the effect of altered 
rnicro-clirnate, hydrological factors, and others (Olgeirson 1974). 
Introduced species might also need special treatments to ensure their 
success. Drastically disturbed sites often need a certain level of 
amelioration such as addition of gypsum for sodic soils, lirne for 
acidic soils and others. A little monetary commitment ensures success 
(Brown and Johnston 1980). Treatments such as inoculation with 
mycorrhizal fungi for drought tolerence and nutreint uptake, even 
though very expensive, appear promising. 
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REVEGETATION TECHNIQUES - U.S. EXPERIENCE 
Some of the techniques and materials used in mined land 
reclamation in the U.S. that can be applied to revegetation in Mustang 
are summarized below: 
Selection of Plant Materials 
McKell et al. (1982) have proposed six major criterh for plant 
selection as described below. 
Plants capable~ establishing and propogating under stress conditions 
Plants capable of establishing and propogating under stress 
conditions should include sub-criteria such as: 1) ease in 
establishing seeds or vegetative matter, 2) ease in propagation, 3) 
ease in plan ting, and 4) prom pt and sure establishment. 
Adaptability ~ climatic extremes 
Adaptability to climatic extremes should include sub-criteria 
such as: 1) drought tolerance, 2) tolerance to extreme temperatures 
and cold hardiness, and 3) tolerance to strong winds. Johnson (1980) 
points out that plants should have rapid root elongation and the 
ability to recover quickly after drought to be adapted to climatic 
ex tre:nes of high altitude. A list of native species of Mus tang and 
adjoining Tibet is given in the appendix. 
Adaptability ~ soil conditions 
Adaptability to soil conditions includes the sub-criteria such 
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as: 1) soil water, 2) tolerance to salinity, 3) tolerance to an 
extreme pH, 4) tolerance to nutrient deficiency, and 5) tolennce to 
soil texture. 
Watershed protection 
Watershed protection is our primary objective and therefore the 
plant materials selected for revegetation should have soil bindin~ 
characteristics such as: 1) higher below ground biomass, 2) higher 
above ground biomass, and 3) higher cover. 
Value for animal nutrition 
The value for animal nutrition is important because plants that 
are tolerent to herbivory and stable in production protect the 
watershed much better. Since the revegetated lands are ultimately 
going to serve as gr'¼zing land, the plants should also be palatable, 
nutritious and remain green for longer periods. Perennial grasses are 
therefore desirable. 
Suitability for miscellaneous conditions 
These include sub-criteria such as: 1) corn pa tibili ty with other 
species, 2) disease and pest resistance, 3) minimum maintenance cost, 
and 4) self renewal. 
These criteria can be met by selecting native species or species 
that are available in similar areas. In areas altered by severe 
disturbances, non-native species might be better for revegetation 
(Johnson 1980). Criteria mentioned by HcKell et al.(1982) are for 
watershed protection and grazing and therefore include herbaceous 
species. The demand for firewood has to be considered while planning 
for revegetation in Mustang by including tree species in the criteria. 
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Mulching 
Mulching is artificial modification of the soil surface to 
conserve soil moisture in dry areas. Mulches can be of straw, clotl.'l, 
plastic, or pea gravel. Mulching insulates the soil, reduces the wind 
e f feet, increases inf 11 tra tion and reduces evaporation ( Hanks and 
Ashcroft 1980). At high elevation, mulch acts as a heat-trap and 
helps prevent frost action in the soil. In rocky soils and steep 
slopes, hydromulching is used, but it is less effective in low 
precipitation areas (Brammer 1982). Kay (1982) compared the straw 
mulches with hydromulching and fabrics respectively to determine their 
effectiveness in reduc i ng soil loss. He found that straw mulch is most 
effective in reducing the soil loss. Straw mulch is inexpensive. 
However, if the time between precipitation events is too long, as is 
the case in most part of Mustang, the cumulative evaporation from 
mulched soil and bare soil will be the same (Hanks and Ashcroft 1980). 
Windbreaks 
Windbreaks are any structure that reduces wind speed. 
Shelterbelts are rows of trees planted for wind protection. 
Windbreaks are helpful in two ways: l) to reduce the wind effect, and 
2) to increase the snow accumulation during .tinter. However, 
windbreaks are complicated to design because of several flow zones 
with different aerodynamic movements (Plate 1971). Therefore to use 
windbreaks on a large scale, some study is needed. Effectiveness of 
windbreaks depends upon their height, porosity and the length. Ttle 
higher the windbreaks, the wider will be the sheltered zone. The 
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width of the sheltered zone depends also on the wind speed ,ind the 
porosity of the windbreak. A dense barrier may protect a distance of 
10-15 times the heii;ht of the barrier whereas a 50% porous barrier 
might protect 20-25 times the height of the barrier (van Elmarn et al. 
1964). 
Longer windbreaks are prefered over shorter ones for constant 
influence. If the length of the windbreak is short, the jetting 
ef feet may increase and cause more damage. The porosity is prefered 
near the ground where the wind speed is very low. 
Site Preparation 
Site preparation for revegetation in arid regions by digging 
pits, basins, or interrupted furrows can be an effective method of 
holding moisture. For tree plantations pi ts are dug in advance. In 
places where the soil is shallow and lacks organic matter and 
nutrients, the pits can be filled with forest soil. Pits dug before 
the snowfall in winter might help catch more snow that may increase 
the soil moisture in the growing season for a little longer period. 
As far as seeding with grass species is concerned, interrupted furrows 
can be used. 
Time ~ Seed in~ and Plan ting 
The temperature and moisture are favorable during spring for 
plant growth. Therefore seeding and planting should be done prior to 
the longest favorable conditions. Fall seeding and planting can also 
be done where seeds do not germinate during cold winter and seedlings 
can tolerate the cold. This will save time of seeding and plan ting 
85 
when conditions start becoming favorable. Fall seeding prior to 
snowfall is recornmended in areas where snow pack during winter is 
expected (Vallentine 1980). Different species have different 
temperature and moisture requirements for germination and 
establishment and they also have different tolerences. Therefore, 
species selection should be the deciding factor for time of planting 
and seeding. 
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USE OF MYCORRHIZAE 
i:1ycorrhizae 
Fungi are one of the major groups of soil microflora. Fungi 
typically form a filamentous network of hyphal strands in the soil and 
are important in decompositioa of cellulose and organic debris, and in 
nutient cycling. Some fungi are parasitic or pathogenic to plants. 
Of importance to this paper, however, are those fungi that form 
mycorrhizal associations. 
The term mycorrhiza refers to a mutualistic relationship between 
certain species of fungi and roots of plants. Fungi involved in 
forming this type of association are important in increasing the 
availability of inorganic nutrients and water to its host plant. The 
fungus, in return, recieves essential photosynthates from its host 
(Harley and Smith 1983). Thus, formation of a mycorrhizal association 
by a host plant results in improved plant nutrition and vigor in 
stressful environments, such as moisture and nutrient-deficient soil 
(Mosse 1973, Slankis 1974, and Nelson and Safir 1982). Evidence also 
exists suggesting that mycorrhizae may play a role in protecting the 
plant from certain plant pathogens (Meyer 1974). 
Mycorrhizae have been divided into the following groups depending 
upon the interrelationship of fungal hyphae and the root cortical 
cells: 
1) Ee tom ycorrhi zae 
2) Endomycorrhizae 
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3) Ectendomycorrhizae. 
Ectomycorrhizae are those where fungal hyphae grow over the 
surface of the feeder roots and form a fungus mantle. Hyphae develop 
around root cortical cells and completely replace the middle larnella. 
This form of mycorrhizal association occurs in many tree species, 
particularly of the hmilies Pinaceae, Fagaceae, and Betulaceae in 
cold regions. 
Endomycorrhizae are those where fungi invade the cortex but not 
the endodermis or stele. Fungal hyphae occur both intracellularly and 
extracellularly. Colonization does not alter root morphology and the 
sheath of mycelium found in ectomycorrhizae is lacking. 
Endomycorrhizae are found in most families of angiosperms and 
gymnosperms. Fungi forming these endomycorrhizal relationships a re 
primarily associated with shrubs and herbaceous species. However, 
they also occur in some tree species such as Alnus, Populas, Salix 
spp. Host of the endomycorrhizae develop arbuscules, an absorbing 
structure in the cytoplasmic matrix, and vesicles and therefore are 
called "vesicular-arbuscular" mycorrhizae (VAM) (Pritchett, 1979). 
Ectendomycorrhizae has features of both ectornycorrhizae and 
end om ycorrhizae. They are usually confined to young seedlings. 
However, some fungi may produce ec tendomycorrhizae in nursery soils 
and ectomycorrhizae in forest condition (Harley and Smith 1983)). 
Mycorrhizal development depends upon several biotic and a biotic 
factors such as: (1) soil fertility, (2) soil reaction, (3) soil 
temperature, (4) soil organic matter content, (5) soil salinity, (6) 
soil moisture status, (7) plant species, and (8) phenology/season. 
Mycorrhizal association increases the absorptive surface area 
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provided by mycelia, thereby increasing nutrient and water absorption. 
This can be of greater importance in infertile and adverse sites. 
Mycorrhizae also increase nutrient mobilization by biological 
weathering. Carbon compounds synthesized by the host serve as -'3 
source of carbon for fungal rnycelia. In return, the nutrients 
absorbed by the fungal mycelia from the soil are passed on to the 
host plants. 
In highly eroded soil, indigenous mycorrhizal fungi are lost due 
to loss of topsoil, in which most biological activity takes place. 
Loss of topsoil represents loss of fertility and organic matter. 
Mycorrhizal inoculation in highly eroded soil, where fertility is low, 
enhances plant growth (Powell, 1980). 
Mycorrhizae are of special importance in arid regions due to 
increased plant drought tolerance (Allen et al. 1981, Kay and Leyton 
1981). Heavy tillage in arid agriculture situation reduces the 
population of endophytes that might help drought tolerance, but in 
minim um tillage situation, m ycorrhizae help the drought tolerance 
( A 11 e n a n d Boo s a 1 i s , 1 9 8 3 ) • T hi s m a y be o f rn a j o r i m p o r ta n c e f o r 
revegetation in wildlands of Mustang. Miller et al. (1985) studied 
the factors influencing survival of VAM propagules during topsoil 
storage in cold-winter, high-elevation shrub comm uni ties and found 
that adequate moisture during soore germination results in death of 
mycorrhizal fungi if the soil lacks host roots. It is important for 
the survival of spores that soil moisture is below certain levels. 
According to Miller et al. (1985) soil with water potential below -
2MPa had maximum propagule survival. 
Low mean an nu a l te m p e r a tu re , a s i t occurs in mo s t pa r ts of 
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Mustan~, reduces the rate of mineralization and availability of n ajor 
nutrients. In such situations, mycorrhizal associations may benefit 
plant community success. Some levels of VA mycorrhizal infection were 
found above 3000 m and as far as 470 N latitude (Read and 
Haselwandter 1981). 
Due to their ability to aid in drought tolerance and nutrient 
uptake, the use of rnycorrhizae in revegetation of adverse sites such 
as mine spoils in the semi-arid regions of the western United States 
has been growing. Mine spoils are low in microbial activity due to a 
lack of continuous flow of organics from vegetative cover and a poor 
physical environment. Mine spoils are also low in available nitrogen. 
Adverse properties such as salinity, alkalinity and the presence of 
significant amount of clay hinders nitrogen cycling and production of 
inorganic nitrogen for plant growth (Fresquez et al. 1982). 
Succession of a disturbed area depends upon the presence of 
indigenous mycorrhizal fungi, especially for late successional species 
(Janos 1980). In moisture deficient areas like Mustang, survival of 
tree, grass and shrub seedlings are limited due to lack of available 
moisture in the upper layer of soil. Walker et al. (1982) noticed 
that Virginia pine seedlings inoculated with ectornycorrhizae 
(Pisolithus tinctorius) did not show internal moisture stress durin~ 
drought. Mycorrhizal infection enhanced the absorption of water 
during the midday period when transpira tional loss is greatest. They 
also noticed that mycorrhizal infection provided greater physiological 
tolerance of adverse conditions, particularly when the tree seedlings 
were planted along with grasses that increase competition for moisture 
and nutrients. Hardie and Leyton (1981) in studying the effect of 
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endornycorrhizal association with red clover found higher leaf 
diffusion resistance and lower transpiration rate per unit leaf area 
in mycorrhizal plan ts than in non-mycorrhizal plan ts under conditions 
of water stress which were below those tolerated by the non-
mycorrbizal plants. However, total transpiration of infected plants 
was higher because of lower root resistance when water was not 
limiting. The possible explanation for drought toler~nce of 
mycorrhizal plants could be that: (1) mycorrhizae decreased resistance 
of water flow from the soil to roots, (2) mycorrhizae increaed the 
absorptive surface, (3) the fungal hyphae can penetrate srndler soil 
pores than the root hairs, and ( 4) mycorrhizae reduced osmotic 
potential (Reid 1979, Allen and Boosalis 1983). Parke et al. ( 1983) 
noticed r educed high leaf diffusion resistance and transpiration rate 
when water was limiting. Thus mycorrhizal plants differed in 
performance from non-mycorrhizal plants during drough~ Mycorrhizae 
of arid land plan ts may be more benificical under dry than wet 
condition (Allen and Allen 1986). If soil moisture and nutrients are 
higll, mycorrhizal fungi may act as parasites to their host plants. 
Photosyntha tes may be diverted to mycorrhizae at the expense of root 
and shoot growtb. But the loss of root and shoot growth may be 
compensated by increased absorptive capacity enabling plants to 
recover during drought. Khan (1974) noticed the same role of 
rnycorrhizae under physiologically dry soil with high salt 
concentration. Although, increased absorptive surface and lower root 
resistance due to infection helped plants uptake moisture during 
drought, the higher root density of infected plan ts might deplete soil 
rnois ture more quickly than non-infected plan ts and result in severe 
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water stress if drought cycles are longer (Levy et al. 1983). Several 
studies have shown the benefits of mycorrhizae in revegetating rnine 
spoils (Fitter 1985). 
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CONCLUSIONS AND RECOMMENDATIONS 
The long-ter111 catastrophic soil erosion in Mustang is mainly due 
to water and wind. High elevation, extremely cold winters, low 
precipitation and constant high wind limits the growth of plants. 
Though there is no reference to judge how much soil in the past has 
been eroded from the barren nills and mountains of Mus tang, one can 
only observe that the erosion hazard is severe and in many places 
erosion has advanced beyond the point of return. The argument is not 
whether desertification of Mustang is attributed to irrational 
exploitation of natural vegetation or to the local climate. It might 
be correct to infer that the highlands of Mustang always had a very 
poor vegetation cover, but we do not know how poor it was. Small 
pocket areas in the leeward sides and steep slopes still have some 
standing trees as far north as Samar. Deep gullies and arroyos in and 
around the villages indicate the uncontrolled runoff that occurs in 
the reg ion. 
concerned. 
Thi s t' u no f f is o f no use a s far a s v e g e ta ti on i s 
The return period of this runoff is quite long. A 
detailed and intensive study is needed to assess different parameters 
that have led to the desertification of the at'ea. Such study might 
help in managing other high elevation areas which are showing signs of 
desertification. 
As long as there are people living and utilizing the land in 
Mustang, the :irea cannot be left as a national sacrifice area. There 
is no doubt that there are other areas in the Kingdom that deserve 
priority in terms of economic benefit and needs. Lately, horticulture 
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development has shown the greatest promise for economic growth of 
Mustang. After almost 20 years of estat>lishment of the horticulture 
farm in Marpha, individual apple orchards are growing in size and 
number every year. After the salt trade between Tibet and Nepal 
closed, Hus tang had very 11 ttle to offer to the local people. People 
moved to other areas for temporary and permanent employment. The 
recent trend has shown that these people have started coming back to 
Mustang to utilize abandoned lands for apple and other horticul tur-il 
developments. 
Soil erosion is a very serious problem in Mustang. Many areas, 
including the villages such as Tukuche, Kagbeni, Lupra and others, in 
~ustang are on the verge of collapse. Livestock raising is the 
principal occupation of the majority of people, but grazable land is 
in short supply. Winter grazing in the northern part of Mustang is 
almost nonexistant. People take their animals to the Tibetan grazing 
land across the Chinese border in winter. The lease for grazing in 
Tibet is renewed every three or five years. If the privilege of 
grazing in Tibet is removed, the animals have a very slim chance of 
surviving. 
There is no firewood in the northern part of Mus tang. Few Salix 
and Populus trees which are used as timber grow in the region. In the 
central part, few patches of forest exist. Considering the demand and 
consumption of firewood which are very high due to cold climate, it is 
difficult to predict how long these fores ts can supply firewood. 
The major problem that the people in Mustang face today is the 
lack of firewood and forage. Recent efforts have been directed 
towards horticulture and tourism development. However, the m:tj ori ty 
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of the people still depend on livestock raising for a greater part of 
their economy. Very little has been done for lives tock development. 
A program focused on revegetation will not only reduce the soil 
erosion problem but also improve forage and firewood situation. 
So far there is no research done in Mustang with regard to 
revege ta tion. Literature provides information on revege ta tion 
techniques in other problem areas. Theoretical knowledge based on 
field trials and laboratory research cannot be taken as panacea while 
dealing with multiple problem areas like Mus tang. It is uncertain if 
revegetation techniques applied in similar areas of other parts of the 
world can be transferred. Some of the techniques, such as grading, 
shaping, fertilizing, and others, developed in tne US for reclaiming 
mined areas are not economically feasible in Mustang. Such techniques 
as mulching can be used in nurseries but without a detailed study of 
the ability of mulches to conserve moisture, mulching should not be 
used in a large scale. Research is needed to assess the native 
vegetation condition, diversity, regeneration; and based, on the 
results of local field trials, a massive program for revege ta tion may 
be needed in Mustang. 
To reduce the rate of further degradation of mountain environment 
of Mustang I recommend that the following steps be taken for 
vegetation establishment: 
Grazing Control 
Thirty-five percent of Mustang is wild grazing land. High 
pastures that are open during June through September provide grazing 
for sheep, goats, horses, and yaks. But from October through May tnis 
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is closed due to snow. Uncontrolled grazing by sheep and goats occurs 
in the lower pastures throughout the year. The grazing appears to be 
so heavy that the mountain slopes remain green in spring for only a 
very short period. Defoliation stress is higher in northern Mus tang 
than in southern Mustang. Horses, mules, and donkeys are selective 
grazers, but sheep and goats graze all plant species down to the 
roots. Experience has shown that vegetative cover in exclosures where 
tree seedlings were planted increased substantially within one growing 
season. Despite the short growing period, the native vegetation grows 
relatively faster, but the intensive grazing in spring never allows 
the plants to grow to their maximum capacity. Since horses and mules 
cannot graze on steep slopes and are usually busy on the trails, 
except -d uring monsoon season, they are kept in the stalls and fed with 
hay. Stall feeding the sheep and goats is definitely not as 
econorn ical. Moreover, they can graze on steep slopes. Of all the 
stresses on vegetation in Mustang, defoliation is probably the most 
de trim en tal one. 
Con trolled sheep and goat grazing is therefore extremely 
important for soil conservation in Mustang for two basic reasons: (1) 
to reduce heavy trampling, and (2) to increase the above ground 
biomass of the existing vegetation. To accomplish this control, an 
alternate source of forage needs to be created. 
Some areas need to be protected fro111 grazing to allow 
regeneration of native vegetation. Such protected areas can be 
revegetated with woody shrubs which may help in accumulating wind-
blown soil and organic matter, creating islands of nutrients. 
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Selection of Po ten tia l Areas 
Revegetation in Mustang is difficult and perhaps frustrating but 
not hopeless. I propose that the areas to be revegetated in Mustang 
be divided on the basis of priori ties in to three broad ca tagories as 
follow: 
1) alluvial fans and abandoned agricultural slopes. 
2) northern aspects and places where soil moisture and soil 
depth are relatively favorable. 
3) dry slopes with least existing vegetation cover, e.g. 
southern and very windy slopes. 
Alluvial fans and abandoned slopes are the most promising pockets 
for revegetation. Three years of personal experience in planting 
trees and grass species on such fans showed a good survival rate. But 
it should not raise eicpec ta tions. Alluvial fans are relatively flat 
and easy to irrigate from the tributaries. The total area of alluvial 
fans is very small. But they can provide a stepping stone in the task 
of revegetation of difficult areas. As long as there is a possibility 
of irrigation, revegeta tion work becomes relatively easy. So hr it 
is not known how much forage and firewood can be harvested from the 
alluvial fans; however, alluvial fans can be used as alternate grazing 
areas after revegetation. 
The northern aspect remains moist for a relatively longer periods 
and wind effect is less. There is no extra source of water for 
irrigation as in the case of alluvial fans. Because of less wind 
effect the soil is relatively deeper, evaporation and temperature 
fluctuations are less. Northern aspects can support the plants for a 
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longer period with the moisture carried over from the previous winter. 
Plant growth rate in the northern aspect can be expected to be higher. 
Dry areas such as southern slopes and areas in the windward 
direction are the rnost difficult sites for plant establishrnent, 
primarily due to higher water stress associated with very shallow soil 
and wind stress. Although the dry areas comprise a greater 
percentage of total area, it seems desirable to give priority to the 
alluvial fans and the northern aspects in revegetation. 
Revege ta tion techniques should be based on the above-mentioned 
criteria which will help us in understanding the practical problems 
and several other unknowns associated with revege ta tion of very dry 
areas. Besides, success gained in alluvial fans and abandoned slopes 
on the northern aspects might lead to people's participation in post-
revege ta tion management, which is necessary in the long run. 
Plant Materials 
Native plant species should be used for revege ta tion because of 
their obvious adaptation to local conditions. In absence of specific 
information with regard to native vegetation, the performance could oe 
poor. The following basic study support must be emphasized for plant 
material selection: 
(1) soil binding chanc teristics 
( 2) ease in establishing seeds or vegetative matter 
(3) ease in propagation 
(4) forage and/or firewood values 
( S) vigor of growth. 
Introduced species, even though perhaps more vigorous in their 
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native habitats, may not be adapted to local conditions. However, 
some introduced species can be promising and should receive priority 
consideration. Species reported in Tibet (Ward 1935, Walter and Box: 
1983) should be examined for their adaptability. A program directed 
toward only soil conservation may not be as successful as a program 
which considers multiple uses •• Tree planting for firewood can be 
done with species that have other benefits besides erosion control and 
firewood production. For instance, locally adapted apricot (Prunus 
armeniaca) produces fruits that have a good market in local 
distillaries. 
Revege ta tion in Saline Conditions 
Most of the valley plains in Mustang nave salinity problems. 
Plants in such areas do not only suffer stress due to low 
temperatures, drought, and wind, but also salinity. The osmotic 
pressure induced by salts, when combined with drought conditions, 
induces more physiological stress. Leffelaar and Sharma (1977) 
suggest that reclamation of saline sodic soil can be obtained by 
leaching alone. Even on alluvial fans, where plantations are 
relatively easy to establish, bringing water from tributaries for 
leaching becomes difficult and expensive. However, some herbaceous 
plants can be managed under saline condition without leaching 
(Francois 1981) by taking advantage of the time of the year to 
establish them when salt accumulation is least. 
Closure of the affected area by live fences to keep the animals 
off the land may lead to ecological succession during monsoon. The 
early colonizing species may be relatively unpalatable but reseeding 
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with palatable and salt tolerant ad'lpted species can be accomplished. 
Legumes can be introduced between the rows. For example, Alhagi 
camelorum, Alysicarpus rugosus, Dermodium spp., Indigofera lenifolia 
are some of the promising legumes in the problem soil of 'lrid and 
semi-arid areas. Trifolium spp. and Medicago spp. can be planted 
succesfuly in Mus tang. 
Tree planting is another way of reclaming the problem soils. 
Trees should be planted in a pit filled with salt-free soils. Manure 
and gypsum can be added (Magoon and Shankarnarayan 1974). The initial 
plant establishrnent depends on the ability of soil to supply water 
during the growing period. Water supply could be limited on the top 
20 cm. of the soil during growing period which could be de trim en tal in 
'1 saline condition. But if the root can penetrate below 25-30 cm 
reclamation could be possible (Bell and Meecham 1978). Because Na, 
Ca, and Mg content is generally higher at 0-20 cm depth compared to 
below 20 cm depth. Bulk density and EC are also high at the surface in 
saline soils (Leffelaar and Sharma 1977). In the case of tree 
plantations, if the seedlings are planted below 20 cm, moderately 
tolet:'ant species can be planted succesfully. Kydar (1981) studied the 
salt tolerance of some trees and shrub species for urban plantations. 
All six species studied, namely: Betula pendula, Acer giunala, Tilia 
platyphyllos, Ribes aureum, Crataegus sanguinea, and Cotoneaster 
lucida, were able to endure high concentrations of NaCl in the 
substrate. Ribes spp. was exceptionally salt tolerant and suffered no 
damage at high chlorine concentration in the leaves. Betula spp. and 
Ribes spp. are available in Mus tang. 
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Site Preparation and Plan tin~ Time 
Digging pi ts and basins have been in practice for tree plantation 
in Mustang. Pits are dug during spring followed by planu tion. 
However, digging pits before snowfall in winter can be effective in 
bolding moisture. These pits can be filled with forest soils later in 
the spring or before plantation. Because of the high cost involved in 
transportation, forest soils should be used in windbreak establishment 
only. 
Managing~ 
Few plant species that are found in Mustang have the ability to 
avoid or tolerate all the existing stresses. For this reason the 
native vegetation is sparse and limited in number of species 
represented. Domestic plant species, including fruit trees, grow much 
better when they are planted in exclosures and less windy sites, and 
are irrigated. Temperature extremes and fluctuations appear to have 
less negative effects com pared to water and wind stresses when the 
plants are irrigated. However, it is not certain that temperature 
responds similarly when plan ts are under water and wind s tressess. 
I feel strongly from my experience that a 1.5 11 nigh stone wall 
fencing can reduce the wind stress dramatically in the initial stage 
of plant growth. In the plantation area in Jomsom, the Populus spp. 
and Salix spp. that were planted along the stone wall fence were 
taller than the fence in two growing seasons when the rest of the 
plants were still less than a meter in height. A narrow strip of 
herbaceous cover along the fence indicated the reduction in wind 
stress due to the stone wall fence. However, the wind speed near the 
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ground is low. Windbreaks may not be important for grass species but 
thgy appears to help in moisture conservation. Salix spp. can be 
planted as windbreaks to establish tree seedlings as done by the local 
farrners to protect wheat and barley by planting Salix spp. along the 
southern edges of their cultivated land. Russian olive (Eleagnus 
angustifolia) may also be planted for shelterbelts (Yingxin et al. 
1979). In China's 0rdos sandy area, a 300 km long and 1-2 k:n wide 
windbreak has been used successfully to revege ta te and stabilize the 
sanddunes and is called "The Great Green Wall" (Hsiao 1979). 
Mycorrhizal Inoculation 
Irrigation in plantation areas are not always feasible. Water 
supply for herbaceous species on the slopes is even more difficult. 
It has been well documented that mycorrhizae are of importance in arid 
regions due to their symbiosis on plant drought tolerance (Allen et 
al. 1981). Absence of host plan ts and adequate moisture during spore 
~ermination reduces the survival of VAM propagules. The existing 
vegetative condition and soil moisture from snowmel t during spring in 
Mus tang may have reduced the mycorrhizal population considerably. In 
Mustang topsoils are absent in many places. Microbial activity may be 
very low due to extremely poor vegetation cover and poor physical 
environment. Even succession of such areas becomes slow in the 
absence of indigenous mycorrhizal fungi. Use of mycorrhizal fungi can 
be of major significance in vegetation establishment. Incolulation 
with VA mycorrhizae is presently technologically unfeasible (Wood 
1984). However, proper management may encourage VAM to reestablish 
(Allen 1984). Inoculation with ectomycorrhizae may be econornical in 
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planting such species as Pinus spp. and Juglans regia. 
Specific Recom~endations 
In order to reduce the r3te of degradation of higb elevation 
11oun ta in env ironruen ts, es tab l ishruen t of vegetation is ex: treruely 
iruportant. However, high elevation areas are difficult to revegetate 
unless we have a clear understanding of cliruatic factors ~nd tbe 
existing vegetation condition. Superiinposed oa that is tbe burnan 
pressure on the resources, wbicn led to the deterioration of watershed 
conditions. I present the following recominenda tions in order of 
priority that are necessary to improve tbe vege ta tioa condition and 
watershed stability in Mus tang: 
1. Survey and selection of plant species and plant comm uni ties 
Plant species in accessible grazing areas have been intensively 
grazed over long period. Therefore, it is necessary to locate least 
accesible pocket areas in adjecent valleys wbere plant species and 
plant communities may have been protected from animals. This may help 
to idea tify the adapted native species that can be propoga ted. 
2. Survey of range condition and tread 
Survey of range condition and tread in sucb revegetatioa potential 
areas as alluvial fans, abandoned agricultural slopes, and nor ttlern 
aspects has to be done to identify the desirable species that require 
improved ruanageinent to raise range condition. Iruproved inanageinent of 
gr3Ziag may accelerate the spread of desirable plan ts. 
3. De tailed soil survey of revege ta tioa potential are~s 
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Detailed soil survey of revegetation potential areas such as 
alluvial fans, abandoned agricultural slopes, and northern aspects is 
necessary. Information with regard to nutrient status, salinity, and 
other pbysical characteristics ~ay help in identifying the proper 
techniques and necessary arneliora tions for vegetation es tablishrnen t. 
4. Selecting areas to be protected from grazing and wood 
harvesting 
Although there are no wood harvesting areas in northern Mustang, 
people as far north as the village of Ghami collect some firewood from 
existing depleting shrubs. In order to study species diversity and 
succession of herbaceous species, and regeneration of woody species, 
srnll areas (1-S ha) should be protected 1a different locations. It 
may be desirable to have tbese protected areas in eacb climatic zone 
rep resented. 
S. Establisllment of plant nurseries for propagation of native 
spesies 
Nurseries for tree seedling production havebeen established in 
Mustang. However, other plants such as grasses, forbs, and shrubs 
also be incorporated in the nurseries. In northern Mustang, grasses 
and forbs nurseries is probably important. 
6. Development of alternate areas of grazing 
Development of alternate areas for grazing is needed to allow 
natural regeneration and succession in protected areas. Such 
:ilternate grazing :ireas can be established with suitable species and 
proper management as watering and fertilization if needed. This will 
be expensive, but considering the economic value of forage, especially 
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duriag wiater, it seems justifiable. 
7. Developmeat of revege ta tion techniques 
Revegetatioa techaiques should include establishmeat of 
windbreaks. Salix Spp. aad Eleagnus angustifolia have been 
succesfully used in revegetation of saadduaes ia China. Inithlly, 
1.5m tall stone wall fencing caa be used to establish the wiadbreaks. 
Salix spp. aad Eleagous aagus tifolia plaa ta tion may require watering 
and fertilization to establish. 
8. Development of techniques for mycorrhizal reestablishment 
Pious spp., Be tula Spp., and Juglans regia are obligately 
mycorrhizal. Thus, seedliags for revegetatioa with such species need 
to be iaoculated with ectomycorrhizae before planting. Iaoculation of 
shrubs aad herbaceous species with eadomycorrhizae is expeasive and 
unfeasible. However, proper management can reestablish 
endomycorrhizae. Plant species which are facultatively mycorrhizal 
should be es ta bl is bed first. Fa cul ta tively mycorrhizal plan ts may 
reestablish VAM spores in the soil. Obligately mycorrllizal herbaceous 
plants can then be established. 
9. Development of maaagement techniques for revegetated areas. 
Development of managemeat plan for revegetated areas is extremely 
important. Lack of proper management ciin result ia failure of 
revegetation efforts. Any effort toward reduciag humaa dependency on 
livestock raisiag for livelihood may coatribute to revegetation 
success. Off farm employment should be promoted. Alternate source 
of energy such as hydroelectricity should be given priority. 
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APPENDIX 
Native species of Mus tan~: 
Trees: Pinus excelsa, Juniperus spp., Betula spp., Populus spp., 
Sali>e spp. 
Herbaceous species: Sophora moorcroftiana, Oxytropis sericopetale, 
Berberies mucrifolia, Ephedra garandiana, Lonicera hypoleuca and 
Inca rvillea 3rgu ta. 
Other woody species: Rosa seric:a, Lunic:era mutifolia, Spirae bella, 
Spirae arcuata, Ribes orientalis, Caragana spp. Artemisea spp. and 
Lonic:era spinosa 
Native species of adjoining Tibet: 
Populas alba,~ cathayana, Ulmus pumila, Corylus heteropnylla, Prunus 
ansu, Oxytropis aciphylla, Astragallus tibeticus, Thermopsis alpina, 
Ar tem isea salsoloides, Sophora vic:iifoloa, Lonicera spinasa, Berber is 
spp., Rosa sericea, Salix spp., Caragana spp., Ephedra spp. 
